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FINANCING STREET AND HIGHWAY 


IMPROVEMENTS? 


The | Symposium on “Equitable Distribution for ‘Highway Purposes 


shicle Li Licenses. and Gasoline Taxes,” “conducted by the ‘Highwa 


) vision of Society during 1929, out the status of contemp 


papers. and. discussions presented in 


Shh that ‘engineers general bik basic 


ii 


ot? 


prejudice, | some of ‘the factors. ‘to have: a 
effect in the equitable assessment of highway costs, and calls attentio 


some research projects that could aid materially in. ascertaining 
3 that are needed. These facts. themselves will vary from place to ) place and 
from State to State, but the same 9. metas: of attack upon the problem ‘should — ne : 


result i in some uniformity i i 


iste bs 


B. Ge 
Henderson, and Frederic Members, Am. Soe. E. y and in 


there is evidence of concurrence in the following principles: oft, 
vir tw to basta off mi ctegtie b 

Motor vehicle users should pay. a. fee to. cover is 

| public utility | parlance, ‘ ‘readiness to serve.” This may be. _con- 

idered to represent the motorist’s contribution es the capital invest- 

- ment, and is generally collected through license fees. 4 

a 2.—Motor vehicle users should also pay some amount based upon 

aa Aheir-use of the roads. This amount may represent their share of the 

costs of the highways, and is collected at, the 
present time through imposts on gasoline. 


pik _ Nore.—Written discussion on this paper will be closed in November, 1931, Proceedings. — 
1 Presented at the meeting of the Highway Division, New York, N. Y., January 22, "1931, 
Highway Board, ‘Nationa ; 
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—No p last of the ‘yhised by ‘means of vehicle license 
a fees or po a taxes should be diverted to any 3 use than the 


emphasized engineers should ‘consider call facts. 


equitable “The he difficulty at. present is: that all the facts: 


are not available for study. sito: niles bite ‘#9 { 40 


THE Roap Users’ Snare OF Costs 


The real problem is not how | the funds being r ‘raised at the present time a 
should be distributed, but rather what share of the annual expenditures on the : 
; rious classes of 1 roads: and ‘streets ‘should be borne by motor vehicle users. — 


Tn order ‘to determine « correct amounts, sourees, and distribution of fonds 


ot cost for administration, and 
—What part of the costs should be borne by. each of. the, various. 
(a) Federal Government; 
Local community; 
(d) Adjacent property; a 
Having the answers to these questions for all the various 


roads and streets in a State, the grand total of what the users should p 


n the “ability ‘to pay. Ted 
entire sum could not be assessed, ‘ebtiideratom would have to be given 


th he » allocation of the funds raised s so that ‘they would 3 yield the greatest | g 0 
the greatest number. 


_ The answers will vary widely, depending upon such factors: as 5:elsiss, type, 
of roads, and traffic. ‘The ‘classification of roads adopted by e 
American Association of “State Highway Officials is. adapted to discussion 


is? @® Primary roads, comprising the 


and State sys 


ONG STREET AND HICHWAY IMPROVEMENTS Papers 
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ie a will be noted that they do not touch upon the controversial question of a5 2 4 
a ‘Sy the allocation of funds among the various classes of roads and streets, or _ ee 
= = governmental units. With respect to this question many well-considered q a in 
7 = _ opinions were presented by authors and discussers. In general, the engineers _ a 
from their own experience with one or more phases of road or street «Ge 
the State highway department. This is obvious, and there is no doubt that 
me 
et 
tot 
ear 
i). 
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streets. certain questions must _be answered. _Among such questions are:  fite 
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th that the ‘extensions of these roads into and through the cities 
be considered a part of the State primary system. In so » far a as engineers 
are concerned, there can be no doubt that, in planning for the movement of 


traffic over primary roads, the city ‘links cannot be neglected, therefore, these “~ 
_ streets will be considered in connection with the primary roads. Rae ae 

In any business undertaking, public or private, there must first be an 
outlay of capital. ; _ Then, - if ‘the enterprise is to be on a sound basis, it must ee 


earn enough | to pay interest on the capital, to pay the operating and fixed 


and to provide: fo r anticipated and replacements. In the 


enterprise can tet assured if the ‘governmental unit ‘concerned Tevies ‘enough sare 


eat 


fited interests. can afford, and pares whether the payments 
are to be made directly from the tax money or from borrowed money. The rea 


The 
sons why the i issuance of bonds for road improvements | a condi SR 


‘Soe. E. and John E. ‘Brindley, State College, 
Ames, Towa. The writer is principally interested in the determinati 


ae 


At any date, aa time 
system to the desired standard 
4s followed, ‘the tax levy for construction will naturally be the 
-fited interests can afford each year; and if are to be issued, the c 
“the interest. ‘By issuing serial bonds, annual -imposts ean, be 
‘made uniform over any number of years. 


&“Highway Administration and Finance 
Hill Book Co., — , 1927 p. 160.° 


highways, or State-aid highways; 2 
roads. To these should oy and town st 
Primary roads are the highways that provide for in 
a inter-county transportation which, it is generally agreed, 
i d 1s contributed y t € er 
hus far defined, stops at city limits. How- 
Government. This system, as thus far 
7 
| 
i the annual cost. 
Is 
| 
US. - 
_taxes can be levied. 
f a highway system is a 
The building and operating of hich they ‘must first furnish the 
pe, 
the 
Wee 
by T. R. Agg and J. B. Brindley, McGraw 


The determination of the amounts per for operating expenses 
is no reason why 

involves 

computation n of ae annual cast: for parts. em that 


are. already completed, and estimates of the probable annual cost the 


ay 
Temainder during and after the construction period. 


The Committee on Transportation of the Highway 


section of highway consists of the interest 
cost: of construction, or value at the. time of the analysis, plus” the 


qaintenance | cost, includin ng. administration and. engine ering, plus ‘the som 

that 1 must be set. aside each year at compound interest to provide money fi for 

periodic renewal, or replacement. 


years; expense foi! every years; r, ‘the rate 


of interest prevailing’ in current ‘financing. 


3 
An estimate of the total annual cost of a highway system would have to 
‘a 
be built, up piecemeal since the factors would vary on different roads. On 4 
those sections of the system included in the construction | program, the annual 


would be calculated for 1 the date on ‘which the analysis was s made, and 
then could be’ estimated for each : year in advance, until the end of the con 


struction ‘period: The result of such calculations. would be a a tabulation 


showing the amounts | that ‘the system would actually: cost the people of a an 


this ¢ cost should be. collected through some. orm of taxes, a 
revenue would be in excess of the expenditures, at least to the extent | of the oe 


interest factor . This excess would no doubt be needed for those hanges and 


for administrative, or Je 
a 
sons, to assess the recreate ania carry a sinking fund as — in | 
costs, a knowledge of ann 


Ninth Annu 1 Proceedings, Highwa Board, National 
P y Research Board, 
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even 
= solut 
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weld 
ctions for Federal aid, would be the 
These costs, after’ against the vehicle operators, if a tant 


yr ised by license. 
Anticipating the acquisition of fur ndamental data for use in 
vehicle tax- -distribution problem, it would be a worth-while research project 
to have the annual highway costs computed for all or for. part: ‘of -a State. 
highway system. | This would bea a laborious job, it is s true, but how ls can. 


ad 


piles are: (1) The United States; (2) the: State; (3) the local communities; y 


part of a service e charge and in part ofa payment the 
fuse. As far as can be determined, this arrangement appears to be accept-) 


It is probable that the benefits. to the local community and p property, 


cities than in the rural districts. Little information has been assembled. 


show the true rT existing between community interests, private 


property, and road users. As ‘a matter of fact, this relationship undoubtedly. 
9 varies from place to place and from ‘State to State,. but a thorough study. of 


‘even one case would be of immense value i in pointing the way to a profitable 


solution in other places, and general 
: 


Factors needing study are: (a) The vo volume 
and public carrier traffic; (b) the effect | of through and local. traf a 


the design of pavements; () the use of streets for parking, this contr an’ 
xtensive ‘street use that cannot be measured by a tax upon fuel; (d) the 
relation of the highway to local business; and (e) the effect of street improve-: 

ment upon property values. “Many data and painstaking analyses s dre required... 


If the ‘interests of ‘the various parties could should be 
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Secondary roads are the trl 
tant to 0 the immediate 
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are needed for interstate transportation and national defense. Hence, Federal 
the construction af thess hie! is well lished and will:probably; 
; aid on the construction of these highways is well established and will probably; = = 
it is generally realized that the State is the principal beneficiary | 
of the primary system of rural highways, it is a well-established principle 
¥ these roads should be built and maintained by the State organization, 
= ‘mmefiteipaney raised by the State. As the entire population is affected to some vie 7 
is by the use of the main highways, it seems equitable to spread the coat, : 
— 
= 
traffic, 
— 
ng 
gh ways, mainly impor-' 
centers: which they 


of this’ of the recognisiiag. roads are necessary. 
to general prosperity, ‘grant: aid on important: secondary projects; others: 


them over into the primary system when funds for extensions become avail- 

able. As State x money is ordinarily | derived from user taxes, these methods _ 


can | be. adapted to take « eare of that portion of the total cost of secondary — 


roads that should be borne’ by t the road user. od 
As the communities served are the chief beneficiaries” ‘of the secondary. 
roads, it usual to finance them by ‘general ‘property taxes. Benefits to 


adjacent property by secondary road improvements depend : upon such factors x 
as the extent to which the entire region is served, the character of the traffic, 4 
the character of the improvements. Although improvement, is” cundoubt- 

a benefit to farm land, it may not. be of value beyond a certain degree * , 
all-year usableness. When the residents along a particular stretch of 4 

“road: desire to expedite the improvement of it, financing by ‘means of an 

assessment district may be advantageous. As ‘many 1y secondary ‘roads have. 

_ considerable _ transient traffic” that is of no value to the local district, 


“3 
rue only way: t to > wet a contribution from this traffic i is ‘through State taxes affect- 


Studies: of land values, income, the amount, character, origin, 


investigation of road has besn: ‘conducted by the 
‘United States Bureau of Public Roads, the North Carolina State Highway 
Commission, and the Tax | Commission of North Carolina. Their report’ 
entitled “North Carolina County Road and Finance Survey.” 
to the finding ‘the Commi ee on Highway Finance of the Highway 


fe “The report of ' North Carolina goes far to point out the reasons why no 
faster progress is being made in the improvement of secondary roads, and the 
principles that must be 
are to be secured.” 


the farms of the one the and difficult 
of highway problems. . The principal beneficiary of these Toads must be. the — a 


farmer, because an outlet is essential to his success. f Hoeven. the interest 2 


of the community in n them can scarcely be less. than his, because successful 


farms are necessary to i its prosperity, and the property tax touching 


a ae . particular cases the improvement | of certain roads | by means of special 

abe assessment districts ™ be profitable to. the land owners. ‘Traffic is light 

and the relative share of the users, as such, in the costs is slight. poring . 


5 Public enema Vol. II, No. 12,. February, 1981, p. 237. 
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Ak are the beneficiaries of improv rements on strictly ‘enidential’ streets, 
and. the practice of assessing the major part of the cost against ‘the® ‘Teal 


“estate benefited has become established as | equitable. 


no be blracd 


_. The city at large and the users, especially public carriers, have co 
able ‘interest in business streets, which are also vitally necessary to 


business houses 1 using ‘the adjacent property, | so that their share of the 
is probably Telatively large. street, railways” pay for their share of. the 


= pavement and ‘upkeep, while buses, taxicabs, and | public ‘carrier trucks have 
an can be assessed by ‘the city | in various | ways, It is 


‘contribute, through fees and to the primary 

system. Tt can be claimed in justification that the prosperity of the city 

‘is enhanced by the existence of a good system of tributary roads. 


_ On business st streets, the problem of who should pay for that portic on Ser 
for parking space is perplexing. It is probable that the subject i is of greatest 
interest to ‘Users, although the city at large, or the ive 


‘The’ intra-cit highways may be _detrimen: 


property although benefiting a zone of ‘some width. . 
the public carrier s have considerable - ‘interest in these streets, ‘aed it may be 
that the interests of the private users and the city coincide. - Study of the 


available data, to evaluate these factors in terms of benefits to the various — 
a parties concerned, i is needed as well | as a study of property values and th 


earning capacity of real estate in the zone benefited by these streets 


This Symposium has brought: out the for “factual studies before 


conclusions can be reached 


property, and thon users. Although it. does not appear probable that 
the relationships « can be reduced to formulas, 


essential to the exercise of judgment. 


—Caleulation of the annual of all or part: of State highway 
system. It is expected that the Committee on Transportation of the Highway 


Research Board will continue its work in this 
2.—A study of the amount, character, origin, destination, and purpose 0 
es raffic on city streets that are extensions of the State primary road system. — 
3—A study of real estate values and earning capacity in the vicinity 
through streets in cities as affected by street improvements. _ 


4—A study | of the effect of road capeorenane upon rural property values 
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3 me In the cities, beside the extensions of rural through routes, there are resi- 1 an 
ider- 
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. eon houses needs to be evaluated, and there is much evidence relative = 7 
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_ 2.—Motor vehicle users | should pay 1 for roads in proportion { to the extent of 
3.—Funds raised through special taxes on motor vehicles or motor- vehigle 
users should be used only for highway improvement.  — 
3 _ 4—It is not possible, from the information at hand, to determine what _ 
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great ‘volume of of interest and importance has ‘been carr 
on during the past year (1929-30) by the Department of Sewage Disposal 


of the New Jersey” Experimental Station. 


The following ‘report contains a brief review of those experiments and 
vet 


nvestigations which seem to be of particular at to sanitary 


IGESTION oF aT Tem 
and 84°. Fahr., than at 60° Fahr., or below, experiment were made_ 


control. 
oe Works disclosed many ‘species and great ‘numbers of bacteria. Most 
2 a these bécame inactive or died when the sludge was heated to boiling, but — oe S in 
z ae some spore- forming organisms remained ¢ alive. These were capable of grow- : 
= luxuriantly | at 120° and 140° Fahr. In the absence of other species and = 


in the: presence: of suitable reaction, sufficient volume of ripe 


In order to develop. these “thermophillic” forms, the analysts 
volumes of freshly precipitated ‘sludge, to be tested, ‘through chambers heated 


by hot- water coils. to 212°  Fahr., and then discharged them into vessels i 


which the. ‘maintained. at 180°. Fahr. hive adé eaal 3): 
weeks. were eapern to get the first cultures started, but after t 


"secured from the ¢ control test. mainteined, at. temperature. 


Nore. Written discussion on this report’ will be closed in November, 1931, Proceedings. 
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JERSEY SEWAGE EXPERIMENTS 
contains figures obtained by laboratory analyses f m 


digestion at 130° ‘Fahr. be 


‘TABLE 1— 


© 


at 


21.4 to 25.6 
46.0 
47.8 to 49.0 


The gases given off were found by analysis to contain the usual p propo 


ons of CO, and CH. ‘The volume of the combustible marsh gas was more 


than: sufficient, when burned under hot- water coils, to heat the sludge to : 
Fahr.. the ‘specific heat was greater than that of ordinary, 


illuminating ‘gas. The former ranged from 700 800 B. u. whereas } 


“most city has a specific heat of only 500, to 600 B. results 
with digestion a at 1 130° Fahr. are given in Table 2 


RARER 2. Awaxyeis 


aily charge centimeters pe 
in percentage | Digestion time, gramme of 


La 


Average composition of gas: it 


Practical experience at the ‘Bkperiment Station has shown “that: ‘well 
- digested, or what may be termed » “ripe sl sludge,” ’ should have a black or dark — 
«gray color, a tarry” odor, and if stored in a glass for a few hours, the top water 
should be clear. If the top water is yellowish, and has a vile o odor 


4 

the sludge is not “well digested. ad ‘ot 


Another rough ‘physical test may ‘be made by plading’ sludge on a | 
white glass shelf, and noting ‘whether the water runs off freely through little 
channels that leave the sludge in the form of a “sponge-like” cake. If 80, 
the sludge is ripe, but | if the cake is slimy and retains the water, it ‘is not ripe. a y 
The chemists have found that the “bio- chemical oxygen demand” of re raw 

r green sludge may be as much as several thousand parts per million, but 


“bio-chemical oxygen demand” ripe sludge s should not exceed 1500 
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 Reactio s—or pH —of Ripe ‘Sludg 


samples of digested sludge made at 1 the Station have shown that the gasific 


tion and digestion of sludge progress most ‘rapidly when the reaction or 


ranges” between 7.2 and 7.6. In other words, the sludge shou ld have 


n found 
to to be the best. Tre- agent for ‘the Wal: burned “high lime, 


‘dolomitic. (caleium- magnesium) 1 less sol also. work well, 
Tn order to’ use the lime in convenient form the chemists advise vient, 


> purchase commercial ‘ “hydrate of lime” 


and can be handled in weighing and measuring 


gained at many municipal plants” and the New Jersey 


Agricultural Experiment Station lime should be added 


its balance’ and from then on digestion, progressing in normal manner, 


Engine rs in charge of the of operation of the at Plainfield 
e and Red Bank, ‘Nz J. , and elsewhere, have found that quick lime, added in 


the proper volumes, places, and times, prevents foaming: and the formation — 


Desirable Ratio of Green to Ripe Slu ge—The chemists: have determined 
long ex: experience that from 50 to. 60% of. the volatile matter in ‘green 
sludge is driven off by digestion. For that reason about volumes of fresh 
reen sludge should. be mixed with at least 1. volume of ripe sludge and, 
inder ordinary operating conditions, it is Dest. to run fresh green sludg 
nto the digestion tank one or more times in each 24 hours. In the normal _ 


of “events, the remaining solid ‘matter gradually accumula i 


a 


ates until 
: part must | be drawn off ; but the analysts point out that the total suspended 


‘matter rawn off in supernatant water and ripened sludge must not 


exhaust the of ripe sludge needed to seed the fresh solids. ate 


MECHANICAL STIRRING OF Durine 
There are _two schools of thought among operators who handle slv 


digestion tanks. school — -and this. includes managers of the great 
‘Tmhoft Sewage ‘Treatment. ‘Works — claims. that it is “not necessary to ‘stir 
digesting sludge. The other school, which ‘diode the advocates of certain 


of commercial, -mechanically- -operated digestion holds that _stir- 
Ting. the b ttom of the = 


| gas and organic acids develop. In order, therefore, that the diges eee! a 
, the analysts have found that it is desirable to 
| proceed at maximum speed, the analys an 

5. 

vell 

j 
f 
i 
ripe. 
raw 


“Ss 


d at the | Laboratory indicates th t if the sludge i is  stirted 


undergoing digestion, the gas set. free will escape at a 
more uniform rate and, therefore, will be easier to handle in gas- -burners, 


than when the a is ‘not t agitated, but the total volume of gas produced 
— Great 


and chemical ‘bodies ‘which facilitate sludge. 

Therefore, the analysts” and plant operators, under the supervision of the 
— advise that suitable pumps and piping should be provided to draw 
"portions of this supernatant: water from the top of the sludge, and deliver 
ae into the stream of entering green sludge or sprinkle it ‘over any layer of a 


many 
that it consists ‘the most part of fats fiber, a and 


reaction of the is 6.6 and when the contains 
muck “spent” erank-case oil from garages, or matches, sticks, and garbage. 
‘Therefore, chemists advise that s such oil and fibrous matter should be removed z 


ti 

“ 


¥ 

found by experience that too lime may cause the to badly, 
in some cases bringing all the sludge solids to the surface. 
Tests. for reaction should be. made often in the scum, surface 


ue + 


reaction | in the ‘sludge tanks chy field tests | is 5 readily obtainable on the rosie 


at moderate prices. Any intelligent plant operator, can soon learn | the 


‘Exhaustive ‘studies made at research in ‘United States 
and abroad have shown that ‘the biological ‘processes of decomposition, which | 
take place in the course of sludge digestion, are made possible for the mye 


part by the development of what are known as enzymes. ale ope 43 
words, before ‘ooh organisms as bacteria can digest the 0 i 


matter ¢ contained i in green sludge, it appears to be e necessary that the bacteria i 
ao secrete compounds, popularly known as enzymes, which break down the 


re complex organic material into ‘simpler bodies that the bacteria can absorb. 
Enzymes have been defined as substances produced by living matter, whic 


modify ¢ chemical 1 reactions s without themselves undergoing a change in chem ‘5 a 


ical composition ‘during ‘the course of the reaction. — They may be ‘classified bs 


ndocellular and exocellular. of the enzymes concerned in sewage 
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digestion are -exocellular come from two different sources, namely, 


Station) to study these « enkyinies in onder to -deter- 


and (c) ‘the de- -watering of fresh solids. 


‘constituents. of fresh solids were found by analysis to be hs 
> fats, oils, greases, proteins, other er nitrogenous compounds, cellulose, and carbo- ye 


A tes. Some of the enzymes decomposing these compounds, listed in ‘the | 
order of their importance are: Lipase, proteolytic enzymes, 


of the enzymes considered t part in only one ‘reaction and, 


— 


= 
therefore, the function of each individual enzyme pointed out. 


the presence an acid. “environment. “Try psin converts Proteins 


It also reduces ‘the proteoses and peptones to amino ‘acids. 


gy Peano of fats and carbon compounds produces carbonic and other 


whereas the decomposition of proteins tends to develop nitrogenous 
compounds that have an alkaline reaction. In order to prevent the develop- 


ment of acid from fats the chemists tried skimming the oils off the surface’ 


after aerating the raw sewage (and liquid sludges), before the green sludge 


was run to the digestion tanks. After such procedure the green “sludges 


to ‘the developed the normal alkaline more 


OF -PRECHLORINATION- OF SEWAGE oN SLUDGE -Dicestion 


8 Liquid chlorine i is often added to raw sewage to kill bacteria and prevent 


: aa As the question of ‘ ‘prevention of odor” is very important, in | many. 
instances, ‘it is interesting to learn from ‘reports of the _ Experiment Station 


enters the digestion chamber does not. free chlorine, 
test for free chlorine ‘can be made readily by any 
operator after. he been coached by an experienced. man and. if he is pro-- 
vided’ with the simple equipment required for making the test. “Such equip: 


- ment can be purchased from any of the large dealers in laboratory supplies. ._, 


Experiments, have been carried out at the ‘Laboratory by 
tary’ sewage to trickling filters. . These tests were made to determine the rela: 


tive” ‘value of crushed trap- “rock, ‘gravel, slag to deter- 


nt 
that chlorine can be added to. the raw | sewage, green sludge, etc.,. without 
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NEW JERSEY SEWAGE EXPERIMENTS 


"different ‘depths t below. ‘the surfaces of the filters; to determine the direction 


air ‘currents passing through the beds ‘under. varying conditions of tem-_ 


‘perature; ; and to determine the factors which ‘combine to cause ‘ “unloading” 


There’ was not much difference in the ‘ “over- -all “produced 
the ‘results i in 


‘Table 3. 
‘Table 3. 


SPRINKLING at toe New J AGRICULTUR AL EXPERIME 

Percentage reduc- | Percentage reduc 
stern tion in bio-chenical tion, in Bacillus 


74 


Biological, and Physical tests made on sample 


of about “ft. serves as a strainer. In this 1 region most « 


4, 
coarser suspended | particles gather, but very little oxidation takes place. At 


depths of 2 and 3 ‘ft. considerable purification develops. When the beds 


were working well great numbers of of protozoa developed at this depth. ~The 
ah microscope shows that these organisms feed upon bacteria i in a large measure 


and, as a result, the numbers of bacteria of sewage origin—particularly such | i 

as ‘Bacillus Coli communis—decrease rapidly. Nitrogen in ‘the: form 

of free and albuminoid ammonia decreases and some nitrites develop. - Here, ite 


carbohydrates, in the form of fats, etc., not already strained out in the 
top layer of stones, are broken down. ‘In this layer some oxidation is pro- 
duced. In the layers from 4 to 6 ft. down, there is not much bacterial reduc- 


tion, ‘but oxidation becomes active. As a result nitrates” develop. _ Under 


favorable conditions the nitrates may increase to as much as 15 or 20 parts 


million, and the liquor “becomes further purified by the removal 


to ‘variations in air “temperatures, barometric pressures, and 


The analysts conclude, therefore, that it is not true air passes at 


i all times from the surface down through the bed and out through the under- 


drains. i On hot and dry days the air currents flow downward through the 


beds, but on cold: ‘days, when the air is odider herd sewage, and under 


whic! 
rents 
in th 
trick 
| 
seem 
=! 
Ss ot liquor taken | 
p 
-roug 
dosi 
unk 
strac 
may 
i 
> 
ing 
fac 
surfaces of the beds. Assuming that the air carries oxygen con 


may ‘it is not by any means certain ‘that free ai 
vars will get into the beds on lines assumed by the designing | engineers, and 


is certain that atmospheric conditions control | the direction of the air eur- 


pec through the beds. ‘The Station experiments also indicate that “openings 


. the side walls” do n not aid oxidation materially. In former years many 
trickling filters were made with coarse and porous, “field stone” sides, The eidea 

a: seems to have been that air w ould. work in through the stones to oxidize the 


organic compounds the center. Tests show that the air which 
these stones only works in a a few inches and, therefore; 


the filters may be 1 made solid without decreasing purification. 


‘that “unloading” depends upon the 


applied rather than upon size or character of stone or depth | of the bed. In 3 
other words, filters: which receive small volumes of weak sewage ‘ber acre of 


area may not unload at all, but the “loading, > due. to greater volumes | of 


liquor more organic and suspended | matters, or both, is increased 


“sloughing” begins. As the loading increases still ‘further, the ‘unloading” 


increases. Some unload. once a year, others twice a season, and 


others several ‘timaes a year. a he character of the “film on the stones” seems 


Asa a a general Proposition. the sloughing began at the bottom and worked ay 


ou up toward the top. ‘hen the | beds were heavily dosed masses of moul 
in ‘the ‘films, and worms and insect larvae multiplied. Channels 
through | See: films by worms, ete., loosened the coatings on the stones so 


that the thick crust, formed by the mould fibers, sloughed off. The char- 


— ~ 
- 


Oo « 


acter of the: surface of the stones did not seem to affect the results. The 
4 = ough “slag” unload ed just about as often as the smooth gravel ; but “ “over- 
a dosing” always a powerful factor in the process and frequency of 
 Bio- Chemical Oxygen Demand, or B. B. 0. D. —Analyses show that sewag 


: trade wastes, and ‘natural waters contain ¢ compounds | of 
fevripees be decomposed by the biological action of living organisms. 


is ‘required to complete these Processes. The of oxygen, us 


q a 


logical the organic matter that take consu 
all of this dissolved oxygen | and decrease the oxygen of the streams. i 


ly It was deemed, therefore, to be important { to sdevies | methods for measu 
ig ing the e bio-chemical oxygen ¢ demand and the chemists at the Testing S 


have spent considerable time and e nergy in the study of important 


factor. Studies wi were made to ¢ compare three natural waters” (one acid, one. 
#3 neutral, and one alkaline) taken directly from streams, with a ‘series 
‘contain several single salts in different 
and combinations of different salts. ‘The natural waters 


ied over a wide range 
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these tests that the concentratio: n of the salts in the natural wate sis 
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Fundamental Biological, Chemical, and Physical 
Sludge. —The called” activated sludge method treating sewage is s being» 
extended both in this. country and abroad; but the fundamental character 
istics: are not well known. Therefore, the Laboratory Force of the Experi-— 
ment Station: is now: (1931) engaged on an extensive series « of biological, 
chemical, a’ and physical researches upon activated sludges. produced ‘under 
uniform and under variable conditions. Iti is believed that certain controlling 


factors have been ‘determined, but the study will und ubtedly spread over” 


first field experiments applied on na “lant size” > scale in the scientific 
ey control of sludge digestion were started at the Plainfield ‘Sewage Disposal 


Works by ‘Mr. J. R. Downes, with the co- operation | of Dr. Willem Rudolfs 


and his assistants. — The process has been | run successfully for several years and 


‘may be ‘outlined briefly, as follows: : The Plainfield ‘Disposal Plant treats: 
an. average of 3500000 gal. of rather stale and Poa sanitary se sewage ‘per 


‘he sewers receive a limited quantity of ground- -water, some storm water, 


‘naa a little textile waste, | The sewage passes | through a small grit chamber and 


ts fine slotted screen into settling tanks. sludge is pumped into 


sludge digestion tanks where it is. heated. to about Fahr. and 


‘allowed to. digest. for thirty days. Small quantities of hydrate of lime- are 


added to maintain | the reaction of the material in the digestion tank at a pH 


The population tributary to in plant is eatiinated at 50000. From, 
1929 i it appears: that the plant handled 3 500 000 to 3 7 00 000 


100 Ib. of hydrated lime: were ‘added i in to the in the 


svo/'There are three sludge digestion tanks, each 40 ft. in ‘diameter by 20 ft. 
‘ is Each one is heated | by: a single coil of 2-in. iron pipe chung or n the 


in this. time ay weather. baits 


— are low, and the biolog whic 
alone the biological oxygen demand results a 
T 
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digesting sludge was 70° Fahr. Fifteen days were required, on an 
deewatterr the digested sludge when 
from: 87 to about 65% 
_& 
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are covered” b; “floating” ‘wooden roofs which 
rise and fall with: (@). The volume of sludge and top water withdrawn ; (0) 


‘the volume of sludge and circulating water ‘pumped. in; ‘the rate at 
_ which the gas is set free from the sludge; and (d). perhaps by 1 the barometric } 


The gas given off by digestion has averaged about | 6 cu. ft. per. ib. of dry 
- solids. Burning in an ordinary gas furnace, this has mss sufficient. to heat 


water circulating ‘through the pipe ‘coils in the sludge, tanks: 


at 


‘The green . sludge is delivered by 4-in. “pipes at two points” (diametrically 
through the wooden roof. No mechanical skimming or sludge- 


scraping devices are used to break v up the surface scum, to remove age 
sludge, or to ‘stir | the sludge in the digestion tank to set the gas - free. — 


‘rising bubbles of gas generated by decomposition of the sludge : seem to } pro- 
vide enough : ag itation to mix the “seed” with the green sludge. - The liquors - 
in the digestion tanks are tested for pH ( (reaction) | regularly, and lime is is 


added in small doses as as needed to the : green en sludge § so as to | pti the 1 reaction bs 


as a dry feed into the suction. ide of the pump. 


3 in. thick. 
3 drawn off is black in color, - very full of ai bubbles, has a s light tarry ee 
re and contains on an average about 85 to 87 % of | moisture. _ The sludge drains 
r freely, but in order to facilitate the dewatering “process” a small dos 
a liquid solution of sulfate of alumina is: added to the sludge just as it 

* Particular emphasis is laid upon - the necessity of maintaining the proper 
ug between the green sludge and the ripe sludge, the reaction at pH 73 

7.6, and the temperature at 72° Fahr., 7 or higher, in the sludge and liquid 


is | 
ie 
| 
ed | 
ed | 
— 
al, q plant operators make careful measurements of the 
ler added daily and of ripe sludge withdrawn, 
ng natant water decanted off. This procedure is followed 
er the digestion tank at least 2 volumes by weight of ripe slu 
every 1 volume by weight of green sludge—on a dry basis. 
pump used to transfer the green sludge from the converted Imho 
9 i 1 pumps have — 
fie been found to “thrash” the sludge to pieces so much that it does | ci te : 
_ 
nd 
on 
4 
ob ‘4 these conditions and with the digestion going on at 70° Fahr., for a pe oe [4 : 
und 
pa- 
ind 
are 
yrds 
yrds 
000 = 
— 
a Skim of fertile 
 “top-soil.” Deer burying under heavy clay prevents the “natural 
the screenings, but if buried in thin layers in ike 
age, Under about 1 in. of good rich loam, they break down 
ge, soil, and after 12 months of such digestion the same be 


L BY Lime | 


Progress report was called ‘to the fact that 


digests ‘readily at 80 to 82° Data have been d from a 7 


city of il 11000 people where the sanitary ‘Sewage sludge is digested in tanks © 
f the separate sludge ‘digestion type at a temperature of 84° Fahr. igrert: 


The engineer in charge reports: that after the pH in the digester 1 leveled 


off at A and | alkaline digestion “was established, he has not had any diffi- 


5 culties with digestion. . Sufficient gas is developed to maintain a temperature 


ea 120° Fahr. at the inlet end of the hot- water heater coils. * This keeps the 


ade in the digester up to 84° F abr., , which s¢ seems to be an optimum jon 


if 


we ‘The fresh sludge has an ash c content of 25% al the ripe sludge (after 35 


days: of digestion) has an ash content 62 per cent. The sludge dries 
readily, is is odorless, and has the usual characteristics of well digested sludge. 
; Tr los hi he h to ackn “le he ¢ 
= ne osing this report the ommittee wishes to ac nowle the courteous ~ 
and helpful: assistance offered by Dr. ‘illem and his assistants, 


Messrs. J. R. Downes, ‘of Plainfield, and Easley M. White, of Red Bank. 
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LIOGRAPHY OF PHYSICAL PROPERTIES 


BEARING VALUE OF SOILS, 


CompmEp By Morris ‘SCHRERO,* Esq. 


GENERAL AND ‘MISCELLANEOUS. 
BSIDENCES. 
CHEMICAL AND. PHYSICAL PROPERTIES OF "SOILS: 


i 


_ ii 1 al ad 
i 


Theory ‘and Formotas. 


jel number 


pi. 
editor | wee pt. . -Part, parts 
series -.. volume volumes 


an This bibliography was compiled at the request of a committee of the 


American: Society of Civil Engineers. Tt: supplements an earlier bibliography 


compiled the Carnegic of Pittsburgh i in 1917, and published i in the 


1240, as_ Aupendis B to. ‘the Progress Havent of the Special Committee to 


Codify Present Practice on the ‘Bearing Value of Soils for 


Dept., Carnegie Library of Pittsburgh 


| 
th 
| 
qo 
ot 
ely 
galt 
to 
0 
— 
: 
at. 
uc) 
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i ams aa covers the literature to the middle of 1 1928. References on erosion, 3 


sedimentation, and silting included i in the earlier bibliography, but not 


MERICAN INSTITUTE oF — AND METALLURGICAL ENGINEERS. Report 
of Sub-Committee on Coal Mining to Committee on Ground Movement and Sub- 
Appendix B, Subsidence Due to Mining Operations. ia 
pee ae (Transactions, Am. Inst. Min. and Metallurgical Engrs., v. 74, P- 771-774.) 
- Compiled by Engineering Societies Library. Supplements the bibliograp y by L. He 
$3 Young and H. H. Stoek*in University of Illinois Engineering Experiment Station 
Bulletin No. 91. Contains about 35 references arranged chronologically ‘from 1913 


wae Ve 


AMERICAN RAILWAY ‘BRIDGE AND ‘BUILDING ASSOCIATION. Concrete Culvert 
- Pipe and Concrete Piles, Report of Committee: Appendix A. 1915. (Proceedings, 
Am, Ry. Bridge ‘and Building» Assoc., v. 25, p. 275-284.) A bibliography of about 

75 references compiled by Library of the American Society of Civil Engineers, on 

he manufacture and use of concrete Arranged from 1908 


AMERICAN RAILWAY ENGINEERING AND MAINTENANCE OF WAY ASSOCIATION. " 
_ Report of Committee No. VII on Wooden Bridges and Trestles: Appendix C, Piles © 
and Pile-Driving. 6 ill. 1909. (Proceedings, Am. Ry. Eng. and Maintenance of 

aT Way_ Assoc., v. 10, pt. 1, p. 565-592.). “Bibliography of Piles and Pile Driving,” 
579-592; contains a large number of classified references. 


AMERICAN RAILWAY ENGINEERING ASSOCIATION. 4 Report of Committee VIII on x 
ne? on Masonry: Appendix A, Concrete Culvert Pipe. 1919. (Proceedings, Am, Ry. Eng. 
4 Je Assoc., v. 20, pr 697-701. ) Consists of a “Bibliography on Pressure or Weight a 
sad Earth-Fill © ‘Over Culverts and Pipes,’ containing approximately 45 annotated refer- 
ences, arranged chronologically from 1868 to 1917.0 


- AMERICAN SOCIETY OF CIVIL ENGINEERS. . Progress Report of the Special Commit- — 
tee to Codify Present Practice on the Bearing Value of Soils for Foundations. 16 — 
ill. 1917. (Proceedings, Am. Soe. Cc. E., August, 1917, Papers and Discussions, — 
1171-1248.) Discussion. 3 ill. (Proceedings, Am. Soe. Cc. E., November, 1917, | 
Papers and Discussions, p. 2021-— 2033. Appendix A, p. 1174-1191, “Progress Report of 
- Sub-Committee on Resistance of Soils,” gives results of experimental investigation 
of the physical characteristics of sand. Appendix B, p. 1192-1240, ‘‘Bibliography 
_ Physical Properties and Bearing Values of Soils,’ compiled by the Carnegie ‘Library — 
(of Pittsburgh, Pa., contains 859 annotated references, classified by subjects. Appen- 
C, p. 1241-1248, ‘Standard Screen Scale for Testing Sieves.” 


CARNEGIE LIBRARY OF PITTSBURGH. Sand: Its Occurrence, Ppopirties and Uses; 
; a Bibliography. 72 p. 1918. The Library. A classified list of about 600 references, 
: iled by L. L. Ho kins. “Bearing Value, Pressure and Related Properties, 


[OLMES, HARRY NICHOLLS, comp, "Bibliography. of Colloid Chemistry. 135 p. 


National Research Council. Mimeographed list of approximately 1800 


GENERAL AND MISCELLANEOUS 


AMERICAN RAILWAY ENGINEERING ASSOCIATION. nee rt VIII on 


Masonry. 47 ill., 17 pl. 1917. _ (Proceedings, Am, Ry. ng. Assoc., v. 18, p. 829- 


906.) "Discussion, 1552-1556. Contains discussion of design, and 
- uses of concrete piles, with specifications for construction and driving, p. 830-834. 
‘ Presents collected information relating to practice of various railroads in designing . 
foundations of important structures, p. 854-857, 858-875. Gives formulas for the . 
_ design of retaining walls, these being based on Rankine’s theory, p. 857, 875-883. 


AMERICAN: RAILWAY ENGINEERING ASSOCIATION Report of Committee VIII on q 
ae 6 ill. 1918. (Proceedings, Am. Ry. Eng. Assoc., v. 19, p. 719-762.) 
Discussion, p. 1227-1231. . Includes specifications for construction and driving of 
iiss pe: -molded concrete pies, p. 728-730. Presents opinion on best practice to be used — 
designing foundations, p. 731-733. “Bibliography,” p. yo 737, contains about 60 — 


od references on foundation soils, piles, ‘methods of testing, an d design of foundations | 


RAILWAY “PNGINEERING ASSOCIATION. of Committee I on 
Roadway. ill, .1920.. (Proceedings, Am. Ry, Eng, Assoc., v. 21, p. 815-835.) 
hi Discussion, p. 1427-1439. ° Appendix B, p. 826, “Subsidence Under Embankments,” 


gives the results of some tests; Appendix C, p. 827- 831, “Shrinkage of Embankments,” L 


cifes cases of specific embankments ; and ‘Appendix D, Pp. 832- 835, “Unit Pressures 
Allowable om Roadbed: of Different Materials.” OF Bs 


tractor. “4917. (Scientific American, v. 130, n. 
collection of borings | and samples — to 
Municipa ullding 


it 


ment Am 


BIBLIOGRAPHY ON BEARING VALUE OF SOILS Bibliographies 
me. TO. ¥ TA é VAQTAAM A 
The present list includes approximately 800 references. It is confined to 
| 
| FUE 
GOL 
— 
HAZ 
HOI 
| oma 
ATA WHICH HELPS THE CON- § 
8., Vv. 116, p. 343.) Note on the 
1 on permanent exhibition in _ the q 


1981 BIBLIOGRAPHY on BEARING VALUI OF SOILS 


Engrs., v. 10, ‘Papers and Discussions, p. 491-480} Includes description of 
foundation conditions of Boston and a “topographic map of part = Boston showing as 
_ surface contours and probable bed-rock contours. 


DEEP- DRAFT WHARVES IN THE WHANGPOO.: 12 ill. 1926. (Par Eastern Review, 

Ww, 22, p. 803-308.) See, also, Correspondence, 2 ill., p. 542, 544, 583. . Paper presented — 

before the Engineering Society of China. Includes discussion of nature of .soil and 
subsoil, giving coefficient of friction and angle of internal clay, and results 


DICK, Ww. J. ‘Engineering Applications of Geology. 


11 ill. 1917. - (Canadian Engineer, — 
Pi 5. 33, p. 467-471.) Deals with various problems having to do with soil, subsoil, 


and unconsolidated material resting on solid rock. Includes descriptions of Sete 


-ESSELBORN, KARL, ed. Lehrbuch des Tiefbaues. ‘ed. 6-8. 2 v. 1922- 25, Englemann, 
Leipsic. L. von Willmann deals in v. 1 with examination and “kinds of soils,‘ p.'93 
«402; - landslides, p. 156-169 ; calculation of earth pressure, ‘and stability and con 

in of retaini 


ng and quay walls, and dams, p . 171- 243; ‘and foundations, p. sa 


FUERTES, JAMES H. - Basic Principles Used in the Designs for the New Water Supply 
Works of Winnipeg, Manitoba. 12 ill. 1920. (Journal, Am. Water Works Assoc., ‘v: ae > 
693-748.) onsiders earth pressure on arches in discussing design of aqueduct 
7 es: sections, p. 723-727, and deals with foundation soils, giving results of settlement | 

; tests of clay subsoil, p. 729-732. Soil conditions are dealt with -in ‘other parts of © 


“(Public Works, 49, D. 1-5, 37-40, 58-60, 85-87, 219 -222,' 235- 236, 257-259, 
 279- 281.) See, also, editorials, “Rational Investigations: for. Aqueduct Design,” p. 
79-80, and “Economies of a Great Aqueduct, 107- 108. 
Condensed. 1920. (Canadian Engineer, v v. 39, 158-156, 


——aAbstract, (Bingineering and Contracting, v. 54, De 361- 362.) 


GOLDBECK, A. T. Recent Conclusions in Highway Reseatch: 1925. (Public “Roads, 
a v. 5, no. 11, . '9- 14.) Summarizes conclusions drawn from investigations reported in z" 
full in other issues of Public Roads. Includes subgrade soils, relation of ee 
area to bearing value, and earth pressures on retaining walls. 


——1925. (Engineering and Contracting, v.63, p..457T- 465. “ies 


HAZEN, ALLEN. Hydraulic Fill Dams. 12: ill. 1921. (Transactions, Am. Soe. C. B., 
wv, LXXXIIT (1919-20), p. 1713.1745.) Discussion, 14: p: 1746-1821; ‘Presents 
principles underlying the design and construction of ‘hydraulic-fill dams, based on a 
study of several failures and existing dams. Considers, among other things; proper- 
of the materials used, measurement of core pressures, and conditions of stability. 
In the discussion, A. T. Goldbeck, 1743-1771, describes. his soil-pressure cell, and 
in Sioaies H. Paul, p. 1790- 1801, gives measurements of core pressure in Miami Con- 


HOLMES, J. ALBERT. | Senne and Studies in Hydraulic. Fill, Dam ; Con- 

struction. 13 ill. 1921. (Transactions, Am. Soc. C. B., v. LXXXIV._ (1921), p. 331- 

858). “Discussion, p. 859-360. Includes discussion of the importance .. of. -careful 
examination of foundation conditions, and determination of. the character of materials — 
to be used. Describes compression and seepage tests core material. <«.... 


£ 
1921, (Engineering and Contracting, 55, D. 148- 146:): 


HOOL, GEORGE ALBERT, Reinforced Concrete’ ‘Construction. ‘Prepared ‘in: the Exten- 
aay, sion Division of the University of Wisconsin, v. 2, Retaining Walls and Buildings. | 
ed. 2. 690 p. 1927. McGraw. ‘Deals with theory "of and construc- 
tion of retaining walls, p. 1-69, and with foundations, p p. 287-338 


HUBBARD, PREVOST. and Research ‘Investigations of the ‘Bureda, of. Public Roads. 
1919. (Public Roads, v. 2, no. 15, p. 28-32.) _ Includes brief, descriptions of studies 

on distribution of pressures through earth and hydraulic. fills, physical iil ite of 
soils, and pressures of concrete against forms. 


JUSTIN, JOEL D eit Design of Earth Dams. 24 ill. 1924, ‘Soe. Cc. E 
LUXXXVIT (1924) p. 1-61.) Discussion, 36 ill., p. ‘Presents six criteria 
for the design of such dams, one of these being that ‘thé. “up-stream and ‘down- 
: - gtream slopes must, be such ‘that, with the materials used in the construction, they — 
“=e be stable under all conditions,” which is discussed on p. 38-45. Discussion, — 
particularly that of EB. G. Haines, p. 63-78,. brings. out much on the characteristics of 


‘ALBERT. Foreman’s Guide to ‘Conereté; pt. X-XI. 1925. (Conorete 
and Constructional Engineering, v. 20, p. 467- 473, 525-530.) _ ‘Presents in simple lan 
guage information on earth pressure and design of retaining walls; design o 
bases and foundations, considering’ resistance of soil, atmospheric influence on soil, 
proper distribution of load, and changes in yale SLR 


MAILHTOT,, ADHEMAR. Sub-Soil of Montreal. 1922, (Canadian Engineer, v 493 
sic] 495.) read at the Town Planning Convention, Montreal. Describes the 
acter of the rocks, gh and cla ys, underlying Montreal, and. discusses * “the” Satur 
‘of the subsoil and its suitability. “tor building sites, =~ a 


NATIONAL, RESEARCH COUNCIL HIGHWAY BESEARCH BOARD. , Report of Com 
t | Annual Meeting, — 
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BIBLIOGRAPH (ON BEARING VALUE 


Research Board, December 2-3, 1926. Fill Settlement 
Marshes, by V. R. Burton. 9 ill. p, 93-113. 


1927. (Public Roads, v. 7, p. 233-239, 247.) 
~—1927. (Roads and Streets, v. 857, p. 125-180.) 


—+1927. Abstract.  (Publie Works, v. 58, Ag 172-175.) [no. 2]. Subgrade studies of 
the U. S. Bureau of Public Roads, by C. A. Hogentogler, I. B. Mullis, and Cc. A. Benkel- 
epee 1927. (Public Roads, v. 8, p. 1-6, 20.) [No. 3.] Comparison of Road Conditions © 
ee _ with Atterberg’s Limits and the Other Standard Soil Tests, by F. H. Eno. 2 ill. 
188-141. [No. Slaking Test, by F. H. Eno. p. 142- 146. 5.1, Study of 
: Or the Moisture Content of Ohio Soils, by F. H. Eno. 4 ill, p. 146- “156. [No. Fel 
+ _-—- Pavement Displacement Due to Water and Frost, by F. H. Bno. p. 157-170. [No. 7.]. 
ae _ Sub-Base Tests on Route 26, Washington County, Ohio, by F. H. Bno. - p. 170-175. 


4 POLLACK, VINCENZ. Uber Unzulinglichkeiten und Riickstindigkeiten im praktischen | 
und Stollenbau. 2 ill. 1927. (Zeitschrift des Osterreichischen Ingenieur und 
_  Architekten-Vereines, v. 79, p. 326-329, 341-344.) Contains foot-note references. 
Criticism of the disregard of the ‘physical properties of soils Gives dese: iptions of 
some slides in Europe. 


SINGER, Die Bodenuntersuchung fiir Bauswecke. 4921. Beitechrift des Oster- 
 veichisehen Ingenieur und Architekten-Vereines, v. 73, p. 305-306.) Outlines the 
. development of applied geology and the uses of geological investigations for engineer- 

SKINNER, FRANK W. New Winnipeg Waterworks. 8 ill. 1921. (Hngineering, v. 112, 

os 589- 591, 621-624.) Much of the aqueduct is supported on soft, wet soil. “Pays” 
‘considerable attention to soil conditions, giving results of settlement tests. Con- 
stresses due to earth pressure on arch. tein 


a SPRAGUE, ERNEST HEADLY. Stability of Masonry and Other Structures Subject to 
the Pressure of Earth and Water. 147 p. 1915. Scott, Greenwood. (Broadway 
Series of Engineering Handbooks, v. 17.) Brief treatment, chiefly by graphic 

Methods, _ Principal attention given to theory of earth pressure and to eens 

Walls. Considers also foundations, and arches under geostatic pressure. 


STROYER, R. N. Marine Structures in Reinforced Concrete. 102 ill. 1928. 
5: amd ~Constructional Engineering, v. 23, p. 338-352, 453-469, 527-540, 582-589, 694-703, 
949-760.) Serial article with varying titles. First two instalments deal with pile 

A formulas, pile-drivers, and various kinds of piles. Following parts deal with calcula- 
Ay tion of earth pressure, and stability, design, and types of retaining walls. = 


TURNER, LESLIE. Loadings and Pressures for Designing Purposes. 1927. (Concrete 
and Constructional Engineering, v. 22, p. 671-673.) _ Includes tables of numerical 
_ values for earth pressures according to Rankine’s formula and bearing aapecity of 


498 p. 1921. Longmans, (Civil Engineering Series.) ‘Deals with determination 
earth pressure on retaining walls and timber trenching, | Dp. 12-35; design of retaining» 
a p. 241-265; stresses in grain bins, p. 266-279; and foundations, p. 457-484. 4 ‘ 


2 WEIDEMANN, E. Some Features of the Structural Design of the Chicago Union Station 
94 iN. -1925. (Journal, Western Soc. of Engrs., v. 30, Technical Papers, p. 501-526.) 
--Diseusses soil conditions and foundation problems. in general, giving results of tests, 
Mec RL “Dp. 501-503. Deals with particular foundation problems under the various topics. 
Treats of retaining walls, p. 503-504, 508.0 
i, WILLIAMS, CLEMENT CLARENCE. Design of Masonry Structures and Foundations. 3 
* BBE p. -1922. McGraw. Contains foot-note references. A text-book presenting the | 
of designing various structures. Treats of retaining walls walls, p. 
249-283; culverts and underground conduits, 349-370; bins, 3871- 392 ; and 


WISE, JOSEPH "Graphical Construction of Stress Distribution 4 ill. 1926. 
wid. " (Hingineering News-Record, v. 95, p. 248.) See, also, letters, 3 ill., p. 537-538, 704. 

A Enables quick and easy determination of distribution hae epee due to eccentric 


ZIPSER, M. E. Geology of New York City Revealed in ‘Core Boring Exhibit, ‘ee ee 

1920. (Bngineering News-Record, v. 85, p. 60-62.) Describes collection of records of 

; 2000 core borings, maps showing locations of borings, and roeck-floor conditions, core 
samples illustrating rock formations of the city, and relief and block diagram: ‘show- 
ing Spelegte structure of the city, on exhibit in the Municipal Building. — 1 


AMERICAN AILWAY ENGINEERING ASSOCIATION. [of] I fon] 
Roadway. 16 ill. 1921. (Proceedings, Am. Ry. Eng. Assoc., v. 22, p. 695-721.) — 
Discussion, 1051-1057. Appendix B, p. 698-706, “Mubsidence and Shrinkage of 
-Embankments” ; Appendix F, p. 714-721, “Drainage of Large Cuts,’ methods» 
of preventing slides in clay soil, heat Ao 


Condensed. 1921. (Engineering and Contracting, v. 55, D. 393, 400- 401. 


ya 


RAILWAY ENGINEERING _ALSOCIATION: Report, of I on 


1922. Proceedings, Am. . 23, p. 393-425.) Dis- 
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—Condensed. 1922. (Engineering and Contracting, v. 57, p. 469-470.) 


ugust, BI VALUE. OF sos 
JILDING RAISED AND LEVELED AFTER IRREGULAR SETTLEMENT. 
1927. (Engineering News-Record, v. 98, p. 528- -529.) Madison County Sanitarium, 


CLARKE, D. D. Land Slide—Supplement. 14 ill., 2 pl. 1918. (Trans- 
Am. Soc, C. E  LXXXII (1918), p. 767 -796.) Discussion, p. 797-801. 
_ Supplements account of. ‘slide at Portland, Ore., published in Transactions, Am. Soc. Bit ae. 
v. LITT (1904), p. 322-397. ‘Continues history of slide down to date, d 
construction of additional drainage tunnels, and gives results of surveys. 


COLLINS, TAPPAN. Bigelow Boulevard Slide. 3 ill. 1921. (C. I. T. Techuloal 
1, no. 2, p. 5-9.) Brief description of slide ‘Pennsylvania tracks 
ELMER L. The Panama Slides. 1916. Record, 18, p. 87-88.) 
ae letter giving the results of an investigation of the physical conditions at Panama, 


_ made in 1885. It was thought that at least a 1 on 3 slope; would be require 


DOYLE, E. J. Bridge Collapse Ascribed to Earth Se eee 83 ill. 1918. (Engineering 

a - News- Record, v. 80, p. 619.) See, also, letters, 1 ill., p. 789, 830-831, 1057. Describe 

ea sudden failure of concrete slab ‘spans of Claverack Creek Bridge at Hudson, N. Y. 
adjoining clay terrace, subsidence of which destroyed cement plant several —_ 
earlier. _F ‘ailure is “probably due to sliding of stratified gravel upon itself. 


» 
q DRAINAGE ‘TUNNELS OVERCOME GREAT LAND-SLIDES, 6 ill. 1924. (Rellwoy 
‘Age, v. 77, p. 975-978.) Treats of the Cascade Locks, Ore., landslide on the Columbia © 
River line of the Oregon-Washington and Navigation Company, and of the ee hy: 
undertaken to solve the problem of a moving mountain side. 


——1925. (Engineering and Contracting, vy. 63, p. 153-158. 


DR AINED PAVING USED TO STABILIZE ROAD ON SLIDING SIDE ie em 4 

7% 1928. (Engineering News-Record, v. 100, p. 199-200.) Describes reconstruction work | 
by California Highway Commission on highway near Crockett, Calif. Slope of hill 

excavated to 1% to 1 slope before draining and paving, and top waterproofed. 


DUMAS, canal de Panama: _ Les. résultats de la premidre année d’exploitation : 
aa boulements qui interrompent la depuis Te 18 
vik 1915. (Le Génie Civil, v. 67, 401- -408.) 


Abstract. 1915. 


EARTH SLIPS PROVE DISASTROUS TO OPEN-CUT SEWERS. in. (Engt- 
ee neering News-Record, v. 83, p. 989-991.) See, also, letter by L. B. Alexander, v. 84, | 
he p. 195. Banks slides and bottom upheavals of plastic “blue clay” interrupted work 

on two Detroit sewers. Discusses causes. ne af pet bas 


EAST, E. E. Concrete Pile Bridge Fails from Slipping Foundations. 7 i. 1921. (Engi- 
neering News-Record, v. 86, p. 334-335.) Undercutting of New. River in Imperial 
‘Valley, California, causes banks to move toward the middle of the river. | hs: Se 


‘EMERSON, | FRANK B. 180-Ft. Dam Formed by Landslide in Gros” ‘Ventre Canyon. 
(Engineerin News-Record, v. 95, p. 467- 468.) See, also, p. 116, and 
Editorial, “Artificial and Natural Rock Dams,’ p. 453. Deals with slide of loose rock 


and earth, mass blocking channel of river in Wyoming. EG YOR 


EVANS, REGINALD Some Experiences ‘Foundation. i. 1920. 
(Canadian Engineer, v. 38, p. 237-238.) _ Examples of failures of bridges, railway 
structures, ete., due to slides, subsidences, and instability of 


FAILURE OF A LONDON “TUBE WHILE BEING REBUILT UNDER TRAFFIC 
Bill. 1925. “ (Engineering and Contracting, v. 63, p. 359-363.) Abstracts of varying 
aah length of Lieut.-Col. A. H. L. Mount’s report on the subsidence of the northbound 
tube of the City and South London Railway, which occurred on ‘November 27, 1923 
Trouble was caused by a on top of clay ‘surrounding tunnel, which wa 
1924. (Engineering, v. 117, p. 520. Te 


‘“AULTY ‘FOUNDATION CAUSES SERIOUS ‘DAMAGE 1919 
- (Engineering News-Record, v. 82, p. 1067-1059.) See, also, Editorial “Care in 
Foundation Work,” p, 1048. Piles of inadequate number and length in deep bed of 
soft mud were responsible for settlement that wrecked a Minneapolis Armory 
Attempts to arrest subsidence failed, and part of the building was taken down. 


| Np CARL. Eboulement du Canal de Séderttilje, le 30 juin 1916, et Travaux de _— 


Reprise. 4 ill, 1919. (Annales des Ponts et Chaussées, pt. 1, ser. 9, v. 48, p. 12 
126.) ‘Abstract from Teknisk Tidskrift, March 30, 1918. L 


| FOUNDATION: TROUBLES OF PORTLAND CITY GRAIN ELEVATOR. 4 ill. 1920. 


(engineerin News- -Record, v. 84, p. 176-179.) See, also, Editorial, “Pinch Piling 
Ground,” p. 161-152, letter, by A. M. Crain, p. 485-486. Deals with sub- 
sidence of a large concrete structure on soft ground at Portland, Ore. Gives excerpts _ 
_ from report of a board of consulting engineers on conditions, causes and proposed 7 
remedies. Settlement was stopped by driving pinch piles to compress ground already 


FURTHER DATA FAILURE, OF THE GROS VENTRE ” ill. 4927. 

i (Engineerin News-Record, v. 99, p. 600-601.) See, also, Rditorial, “The Gros Ventre 
Slip,” p, 578, and v. 98, p. 878, "Slip of earth barrier on river in Wyoming : formed ie 
landslide stresses, need for care in grading earth dam material. bape ud 4 


tes 
— 
of 
kel- 
il, 

un¢ 

the = 

112, 
> 

Con- 
tto 
phic 

703, 

cula- 
rete 

4 & 
ining 

tion. 
fests, 

is, p. 

nitric 

core 
show- 

721.) 
ge of 
‘thods 
on 
rading 


BIBLIOGRAPHY ON BEARING VALUE, ‘OF SOILS Bibliogra 


AUCKLER. “Mur de Quai Nord da ‘Mole ‘Amiral Mouchez Alger. Pendant 
bs Construction. 4 ill. 1918. (Annales des Ponts et Chaussées, pt..1, ser. 9, 
133-155.) Quay wall is built on sand containing considerable quantities of a 
Dese ribes construction, movements, causes of the movements—due probably 


ee GILES, J. M. Settlement Observed on Two Earth Dam in Porto Rico. 2 ill. 1917. 7 
(Hingineering News-Record, v. 18, 'p. 596-597.) of subsidences showed 
that dam fi led mute middie pool as smaller settlement than one of barrow- coo. 7 
GRIMES, Bewire the Peacherous Site! 1 i. and 
ita National Builder, v. 48, no. 5, p. 129.) 
+ apartment building in Omaha, Nebr., resting on rubbish- filled ground, 


HACKSTROH, P. A. ‘van het spoorwegongeval nabij Weesp; 
_- mogelijke gevaren in het algemeen verbonden aan fundeeren op zand. 1 ill. 1919. 


HATHWAY, N. F. Checking Earth Slips by ‘Drains Parallelling Road. 2 ‘a. 1928. ‘ 
(Engineerin News-Record, v. 100, p. 745.) Discusses problem of slides in’ 


HAYES, JOHN E. How Standley Lake Dam “Was ‘Built and ‘the ‘Story of the Sips. 
iil. 1917. (Engineering News-Record, v. 78, p. 440-444.) Discussion, 2 ill., 445. 
‘See, also, letter by R. W. Gelder, 1 ill., 612-613. Abstract of. paper bor 
before the Colorado Section of Members of the American Society of Civil Engineers. 
Talle .me material on faces of earth structure near Denver, slipped twice in 
HAZEN, ALLEN... Study. of the Slip in the Calaveras Dam. _ 3 ill. 1918. (Engineering 
«ES Based v. 81, p. 1158-1164.) See, also, letter by D. C. Henny, v. 82, p. 487- ; 
488, Based on a survey, test borings, and driving of test piles. Devotes much space 
the properties of the materials used, such as specific gravity, size, and 
_ Stability, and to coefficient of friction of the hem material. 


via 


4 

“HAZEN, ALLEN, and METCALF, LEON ARD._ of 
ill. 

3 


slide at “Pittsburgh, 
caused by of a retaining wall to reatrain earth-fill rendered plastic by rains, 
and which resulted in failure of part of Bigelow Boulevard and destruction of 
main. ine tracks of the Pennsylvania Railroad; Ted: 


HENNY, D. C. and ‘SWIGART, CHARLES ‘Calaveras Den. -Slide—Report on 
of Hydraulic- Fill Dam During Construction. 2 ill. 1919. (Engineering and 

; Contracting, v. 51, p. 39-40.) From Reclamation Record. "Describes . slide at dam 
near San ‘rancisco, Calif., and 9 approximate calculation of the forces tending — 

to produce and resist sliding. 


HOLDING A SLIDING HILL. 1927. (Public Works, v. 58, 451.) California 

eer _ State Highway Department conquered Valona slide, near Crockett, Calif., id giving a 
to 1 slope to the hill and paving with gunite after installing drains. 


RAILROAD FORCES MET A SERIOUS EMERGENCY. ill, 1920. ‘(Railway 
ge, 69, p. 1053-1056.) . See 1029-1030. More detailed discussion of the 
"‘cadiions responsible for the Bf, gelow Boulevard slide at Pittsburgh, Pa., and account 

of the organization and methods instituted by the Railroad ‘Company 


to ovétcome the slide. 


“CHESTER R. _ Residence by Slide at Oakland, Calif. 6 
(Engineering News-Record, v. 97, p. 782-784.) See, also, Editorial, “Half-Knowledge,” 3 
773. Movement caused by water- seam overlying slippage plane. 
by ditches and tunnel effects remedy. 


NCLINED WALL BRACED BY STRUTS ‘TO HOLD SLIDING LOESS. 2 ill. 1921. 

1: (Engineering: News-Record, v, 86, p. 906-907.) Reinforced concrete retaining wall of | 
-. unusual type being constructed at Menard, Iil., to arrest slides threatening hospital. 


Grondverschuiving nabij Bisloo (Limburg). il. 1927. 

waar D. 352-353.) Describes briefly slip of a- “part of the Netherlands bank of the © 
Meuse. SIRE ming 8 sl oh uh 
KNOWLES, MORRIS, and SCHARFF, MAURICE EB. Sliding Pittsburgh Hillside i> 
Covers Eight Pennsylvania Railroad Tracks, 1 ill. 1920. (Engineering News- © 
Record, v. 1059.) See, also, p. 1076-1080. News report on failure of af 

petainin 7 stee slope below Bigelow Boulevard. Slide developed typical 
a glacial form,” showing successive waves and hollows, Vy 


LADD, GEORGE E. Landslides: and Their Relation to Highways. 651 ill. 1927-1928. 
(Public Roads; v. 8, p. 21-31, 35; v. 9, p. 153-163.) | Reports observations made in 
West Virginia,’ Ohio, and Southwestern Pennsylvania. Describes geology of the region, 3 
and discusses causes of slides, roblems involved, and the various methods 
of control which have, been tried. 
£ 


condensed 1928. (Roads ‘Btreete, 68, p. 529- ) These are condensed 
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BEARING VALUE OF SOILS 


ERNEST. Conservancy of marsh ill,. 1922, (Hngineering, 113; : 
«xp. 8-46.) Large portion of article is devoted to subsidences and erosion of clay 
aly einbaniments for protecting low-lying marsh lands egainat inundation by sea or river. 


IEFFERS, Beseitigung ‘von Rutse hungen auf der neubaustrecke “Annaberg-Deutsch 
Krawarn. 3 1 pl. 1922. (Organ fiir die Fortschritte des Eisenbahnwesens in 
fechnischer Beziehung, v.77, 8. 59, 95-99. Describes causes of the slides 


ove 


McLEAN, DOUGLAS L. Earth Slides in Winnipeg Aqueduct Construction. in. 4919. 
(Canadian Engineer 37, p. 469-471.) Includes results of bearing tests of yarious 

foundation soils, These ‘demonstrated instability of soft, dark clay, analysis of 

which | showed 15%. of moisture and water of combinat! on. Describes principal 


n 
methods used in dealing with sloughs and slides. © 


MevAY, C. M. Dynamiting Sub-Strata Overcomes Slides. 2 ill. 1922. (Bulletin, Inter- 
Ry. ASsoc., n. 8., v. 4, p. 925-927.) From Railway Maintenance Engineer, 
_ December, 1921. ~ Describes trouble encountered near Belva, W. Va., during construc- 
og tion of new line of Kanawha and West Virginia Railway, and the measures under- — 
—Condensed. 1922. (Engineering and Contracting, v. 57, p. 69.) 
MADDALENA, Remédes aux Chutes de Grandes Masses Rocheuses sur les. “Voies 
Perrées. “4925. (Le Génie Civil, ve 89, p. 440.) Abstract from Rivista Teenica 


MEDVECZKY, GEORG. LEinige Worte iiber die Erd- -und Felsrutschungen;  tiber ‘aie 
Entstehen, Beheben der Rutschungen und die Nétigen des Oster, 
mit besonderer Riicksicht auf die Eisenbahnen. 5 ill, 1924. (Zeitschrift des Oster- 
Z - yeichischen Ingenieur-und Architekten- Vereines, v. 76, p. 264-266.) Abstract of a 
larger” pamphlet written by the author. | | Per 


_ METHOD OF REMEDYING RAILWAY SLIP IN CLAY CUT. 1-ill. 1921. (Engineering — 
and Contracting, v. 55, p. 321.) From Railway Engineer, 1921. 


OF INVESTIGATING SUBSIDENCE UNDER RAILWAY FILLS. 2 iil. 
(Engineering News-Record, v. 86, p. 437-438.) Gives particulars regarding apparatus, 
a methods, and costs as reported by individual Pailways. to the Railroad | Presidents’ 


Foundations for Roads and. Structures, 1926, (Canadian Engineer, 

19-420.) Paper presented at Annual Conference on Road Construction. 
Cites briefly some examples of engineering failures due to defective foundations. — fe 
Subgrade for pavements should be thoroughly consolidated. 


SUBSIDENCE UNDER DRAINAGE. 1927. _ (Engineering and Contracting, vy. 


p. 511.) Extract from the of the. Everglades» Engineering Board of Review. 


NATIONAL ACADEMY OF SCIENCES. Report of the Committee of the National Acad- 
ei emy of Sciences on Panama Canal Slides. 135 p. 1924. (Memoirs, National Academy © 
ae of Sciences, v. 18.) Final report of the Committee, appointed at the request of | 
‘President Woodrow Wilson, ontains five appendices: “Historical Sketch. of the 


oe Landslides of Gaillard Cut,” by Whitman Cross, p. 23- 43; “Geology of the Panama 
 Ganal, with Special Reference to the Slides by Donald’ F. ‘MacDonald, p. 45-52; 
¥ “Chemical and Physical Condition of the Cucaracha, the Chief Sliding Formation, 
by Warren J. Mead and Donald F. MacDonald, Pp. 53-67; > “Mechanies: of the Panama 
_ Canal Slides,” by George ¥. Becker, p. 68-77; “Movement in the Slides,” by Harry | 
Fielding Reid, p. 78-84. Dr. ~ Becker's prose is published also in Ux. S. Geological 


NOETZLI, FRED A. Cahuenga Pass Arch Retetatas Wall Continues Slipping. « 1927. 
gig (Engineering News-Record, v. 99, p. 681.) Highway structure at Hollywood; Calif., 
continued to move after being reliev ed of all load by fill. Probably due to alippage 
foundation material as a whole on steeply sloping bed-rock. 


NOETZLI, FRED A. Multiple-Arch Retaining . Damaged by Slip. 4 inl, 1927, 
Hix (Engineering | News-Record, v. 98, p. 146-148.) Los Angeles structure built on 
‘part rock and part earth foundation... Center portion is. slowly ‘sliding outward. 
Describes design, construction, and settlement. ya any 


THOMAS RICHARD. Slips and Washouts on the Hill Section of gh Assam- 
Bengal Railway. 22 ill, 1925. (Minutes of Proceedings, Inst. C. E., v. 218, 2-26.) 
Discussion, 1 ili., p. 38-53. Correspondence, 3 ill., p, 53-69. Account of the: "troubles 
encountered, their causes, and methods of them. 

——abstract. 1924, (Engineering, v. 117, 141,)_ pacer 


—Abstract. 1925. (Bngineering. News- Record, 94,.p. 268- 269.) 


Florida. 18 ill, i pl 1918. (Transactions, Am. Soc. C. E., v.. UXXXII (1918), p 
396-419.) Discussion, 8 ill., D. 420-432. Calls attention to the fact that, in designing 
drainage improvements, it is often necessary to anticipate the subsidence of muck 
and peat lands subsequent to Gives: results of in detail on 
‘RAILWAY RELOCATION TO ELIMINATE SLIDING HILLSIDE.’ ‘1921. (Engi- 
_ neering News-Record, v. 87, p. 18-20.) Operation of portion of Alberta and Great 
- Waterways Railway, near Fort McMurray, Alberta, Ont., Canada, stopped’. by shifting 
and subsidence of banks, trestles, and cuts on alluvial side- condi- 
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RECONSTRUCTION OFA RETAINING on ON THE GREAT CENTRAL RAILWAY. 

Aéhty 9 ill, 1918. (The Engineer, v. 126, p. 532, 536-537.) Wall near Wembley Hill, 
England, moved forward 20 ft. ‘Probably due’ to the characteristics of the blue clay 


RESTORATION OF BIGELOW BOULEV ARD, PITTSBURGH. | 4 ill. 4922, (Public 
_ Works, v. 53, 26- 27.) ‘Retaining walls and cribs and drains conntracted to overt 
recurrence of of 1920 have proved successful. 


ROBERTS, THOMAS M. -Mass-Movement Detector for in Dangerous Embankments. 

“2 1927. (Engineering News- Record, v. 98, PD 832.) Describes a. device for 

detecting slight movements of large masses such ‘as railroad embankments or = 
an an earth cut. Consists of a mechanical switch which opens or closes an electrical 
circuit i the force of gravity when it is moved sufficiently from a predetermined 
_ ROGERS, J. x. Observations on Some Cincinnati Landslides, 1928. (Ohio Journal of 


tence, 28, p. 157.) Abstract of paper presented before the Ohio Academy 


 $CHARFF, MAURICE R. Boulevard Slide at Pittsburgh. ill. 1920. (Eng 
: a News-Record, v. 85, p. 1076-1080.) See, also, Editorial, “Pittsburgh Slide,” 

p. 1067, and p. 1058- 1059. “Detailed account of slide which covered part of main line 

ie 3 of ‘Pennsylvania Railroad, Appeared to have its origin in disturbance of equilibrium 
aS of filled material, natural ground and underlying shale apparently not contributing 
GRE, CLAUDIO. Considerations Géognostiques sur la Consolidation. de la Ligne 
Littorale _Adriatique dans les Parties Ebouleuses. | 1919. (Annales des Ponts et 
Chausseés, pt. 1, ser. 9, v. 48, p. 117-118.) Discussion by Jacquinot, 2 ill., p. 119- 

20. Abstract from Rivista Tecnica delle Ferrovie Italiane, August 15, eS. | 


ERIOUS SETTLEMENT DESTROYS PART OF NEW FILTER PLANT. 6 ill. 1916. 
(Engineering News, v. 7%, p. 1099- 1102.) See, also, “‘Why It Is Economy 
es to Study Foundation Conditions,” p. 1095. ~ Division Street filtration plant, Cleve- 
re we 3 land, Ohio, has been damaged by extensive cracking, caused by subsidence of under- 

lying earth. Describes soil and gives safe bearing ‘Value, although there 


SETTLING FOUNDATIONS, "4920. (Public Vorks, 48, 240. gee, also, Editorial, 
“Improving an Inadequate | Foundation,” p. 242. Unstable ‘pile footings in soft 


ground resulted in settlement of municipal elevator at Portland, Ore. 
SEVENTEEN- MILE BELT-LINE SEWER AT SPRINGFIELD. ill. 14997, (Engineering 


Pyerte _ News-Record, v. 99, p. 996- -1001.) Includes description of difficulties encountered in 
tunneling in’ quicksand, and in caving of banks of deep cuts for intercepting, sewer 

‘SIDE SLOPES OF DRAINAGE ‘DITCHES IN ‘UNSTABLE SOIL. 3 ill. 1921. (Engi- 
neering News-Record, v. 87, p. 227-228.) _ ‘Banks of ditches in ‘‘buckshot” clay in 

(-bes Pemiscot County, Missouri, "caved and slid. Consulting engineers advised a one on 


SLIDE CAUSES COLLAPSE OF SEATTLE | BRIDGE APPROACH 4 ill. 4917. (Engi- 
neering Record, v. 75, p, 444-445.) Barth slide on side-hill at Twelfth Avenue South 
Bridge caused collapse . of timber approach, buckled lower ck chords of steel cantilever 


SLIDING ‘HILLSIDE AT CLEVELAND. 2 ill. Mi 1919. (Engineering News-Record, v. 83, 
eer. 164.) River-front slope moves continuously, wretg due to dredging. | Retaining 
wall had maximum outward movement of more t nan 3 ft. in about 5 ‘years. Piling 


SMALL RAILWAY BRIDGE IS DISPLACED BY EARTH PRESSURE. 1917. (Bngi- 
_ neering News-Record, v. 79, p. 256.) Note describing displacement of Indianapolis 
and Frankfort Railroad Bridge at Frankfort, Ind., tae ene of an earth-fill on 


SMITH, 
at Noiches, ssiesipph. 10. ill, 1921. (Transactions, Am. Soc, C. E., v. LXXXIII 
(1919-20), p. 1289-1309.) Discussion, — D. 1310-1312. Settlement occurred in the 
. foundations, which was caused by softening of the top 20 ft. of soil by water unable 
wl escape through impervious eee: eae! under it. Trouble was corrected by the 

is wey 

7 ill. (Engineering 
1. Describes 


STUART, "FRANCIS ‘Four Engineering on “the. Magnolia Cut- 
§ il. 1916. (Engineering News, v. 75, p. 1218-1222.) One of the unusual features 
in the building of the Magnolia Cut- Off of the Baltimore and Ohio Railroad was the 


a tual use of benches ‘to lessen | pressure on the slopes and to prevent sudden large. slides. ie 


‘STUART, JOHN. 4 Problem of the Panama Canal Slides. 1921. (The Engineer, 132, 
?p. 682-683. ) See, also, letters, v. 132, p. 700; v. 133, p. 22, 51, 153, 178. Summarizes 
recent investigations and the ‘work that has been done in dealing with Sg slides 
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_ (Engineering News-Record, v. 86, p. 434-436.) See, also, Editorial, “Shrinkage and , 
; Subsidence,” p. 408. | - Abstract of reports on investigations by various railways to 
Ee Engineering Committee of the Railroad Presidents’ Conference Committee on 
‘Federal Valuation. — These indicate that ‘both firm and soft ground settle appreciably 
= SUBSURFACE LAND SLIP. CAUSES BUILDING COLLAPSE AT BALTIMORE. 1916. 
_ (Engineering Record, v. 73, p. 265-266.) Sub-surface earth movement in connection 
with near-by dredging brought about settlement of a large area of ground. Thought oh 
to be due to gradual of a pocket of sand, although most of the dredged 


ois 


SWEDEN—STATENS JARNVAGARS GEOTEKNISKA KOMMISSION, 1914-22. _ Final | 
+H Report to the Royal Board of State Railroads, on May 31, 1922; Abstract and = i 
ments, by Charles Terzaghi. 58 "Reproduced from type-written copy. 
3WEDEN—STATENS JARNVAGARS GEOTEKNISKA KOMMISSION, 1914-22. Slut- 
_ betiinkande avgiven till Kungl., jirnviigsstyrelsen den 31 maj 1922. _ 180 D. 1992, Cen- 
_ traltrycheriet, Stockholm. (Statens jarnvdgar Geotekniska meddelanden 2.) English 
_ summary, p. 174-180. Contains folded diagrams. Report of investigations of slips if 
Mis and slides along the Government railway lines. Discusses general character of ground a 
}S movements, and field and laboratory methods of investigating soil characteristics and as 
Br conditions. paneer monographs on a number of places which were examined in 
TAYLOR, HENRY W. Restoring a Small Water Supply Ruined by Landslide. 4 im. 
ae _ 1927. (Engineering News-Record, v. 98, p. 847-849.) Describes slide on North ee: 


_TRAVAUX DE REFECTION DE LA TRANCHEE DE WEMBLEY SUR LE “GREAT 


omy Central Railway,’ Aprés l’Eboulement de Février 1918. 3 ill, 1919. | 
leve- Générale des Chemins de Fer et des Tramways, v. 38, pt. 2, p. 123-126.) Moving 
earth pushed high retaining wall outward 20 ft. without overturning it. 


——Abstract Translation. 1920. (Hngineering News-Record, v. 84, p. 870.) | 


‘TWO LARGE EARTH DAM REMARKABLE SIMILARITY, 


a 

{.20- M.22, 


Ww ALKER, REGIN ALD DAVID. ‘Underdrainage, and Its ‘Appiieation ‘Work. 
phe 7 ill. ¥ 1925. (Minutes of Proceedings, Inst. C. E., v. 218, p. 27-37.) Discussion, 
a 1 ill., 38-53. - Correspondence, 3 ill. p. 53-69. Shows the value of underdrainage in 
pans slips and subsidences and stabilizing the road-bed in clay cuttings. 
eta Describes ve of a cutting in china-clay at Bikam, Federated Malay States. 
q —Abstract. 1924. _ (Engineering, v. 117, p. 141.) sar th 
WEAK “RETAINING WALL SAVED BY ‘ANCHORED BUTTRESSES. 2 1916 
(Engineering News, v. 76, p. 30.) "Describes method of stopping settlement of a 
WEST VIRGINIA—STATE ROADS COMMISSION. Protecting West Virginia Highways ERAS: 
oe from Sliding Hill Damage. 2 ill. 1925. (Engineering News-Record, v. 94, p. 30.) > 
_ Light wall, anchored to underlying rock with pipe filled with concrete, checked slides. 
——Abstract. 1925. (Engineering and Contracting, v. 63, 
_ WHITE, LAWSON 8S. Land Subsidence and Its Effect on Concrete and Other Structures. 
192i. (Concrete and Constructional Engineering, v. 16, -§11-513, 579-582.) Dis- 
|  eussion, p. 582-583. Varying abstracts of a paper read before the Concrete Institute. 
May 26, 1921. Summarizes the causes of subsidence cites a actual 
eases of foundation failures. ie f 


Ww RAY, H. G. Drainage Drifts Have Apparently Stopped Slides at Hillside 
gi ration. 9 ill. 1916. (Engineering Record, v. 74, p. 144-146.) Elimination of 
if hy > Rookwood Grade Crossing of Pennsylvania Lines and Eastern Avenue, Cincinnati, 
He Ohio, caused slides on a clay hillside along Ohio River, which were apparently, Byopped 
CHEMICAL 4 AND PHYSICAL ‘PROPERTIES OF SOILS 


AMERICAN SOCIETY FOR TESTING MATERIALS, Report of the Investigations on 
Drain Tile of Committee C-6 on Standard Tests ‘and Specifications for Drain Tile. 
112 p. 1914. (Iowa State oe Engineering Experiment Station, Bulletin $6.) 
_ Presents data on the calculation of loads on drain-tile in ditches, and 'specifies tables — 
of maximum loads on drain-tiles in ditches of different depths and. wiiths; and ifer 
BATICLE, E. Calcul de la Poussée Exercée sur un Mur de Souténement & Parement 
eae Intérieur Plan par un Massif Pulvérulent 4 Surface Libre Plane. 1916. (Comptes 
Renduse Hebdomadaires des Séances de l’Académie. des. Sciences,. v. 162, p. 632-634 


(Le Génie Civil, v. 68, p. 299-300. Bee, aleo, correspondence v. 70, p. 64 
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BATIOLE, R. Sur une Solution du Probleme Mur un Massif Pulvérulent 
.1925. (Com Rendus Hebdomadaires des Séances de l’Académie des Sciences, v. 
prs “aa 182, p. 923-925.) Use is made of two particular integrals of the system of. differ- 
_ ential equations for the equilibrium of a mass, assuming that the angle of friction 
: of the mass on the wall equals the angle of internal friction. _ The ata al of the. 
pressure is found to be independent of the slope of the free “surface. 


BEDELL, A. W.. Earth-Pressure Curves by Coulomb’s Formula. -1-ill. 1921. (Engineer, 
> ing News-Record, v. 86, p. 392. ) Letter | giving curves for slopes of : 1 on 1%, 1 on 2, 


-BERRER, ALFRED. Standsicherheitsuntersuchung von Kaimauern in weichem Lehm- 


Ene boden. 1 ill. 1925. (Die Bautechnik, v, 3, p. 728-729). See, also, letters, 1 ill., 
inert ‘4, p. 348, 436. Deals with stability of soil at Shanghai. | Method assumes a eatved 


BIE, EMIL,. in ‘Soll. 
€lub, v. 22, no, 2, p. 5-22.) 
— par _of experiments which demonstrated the forming of self-supporting arches in dry 
mi + gand and in garden soil. Discusses the subject. of soil mechanics and influence of | 
arching effect on subway and tunnel ‘design. Sod ght 


BOUSSINESQ, --Caleul de Deuxiéme Approximation de la Poussée- Limite Exercée | sur 
oun Mur Vertical par un Terre-Plein & Surface Libre Horizontale. — 1918. (Comptes 
 -Rendus Hebdomadaires des Séances de YAcadémie des Sciences, v. 166, p, 657-663.) 


_BOUSSINESQ, J. Equations” aux Dérivées Partielles, pour les Btats— Ebouleux Voisins 
de la Solution Rankine-Levy [sic], dans le Cas d’un Terre-Plein A Surface Libre 
i - Ondulée, mais sans Pente Moyenne. 1918. (Comptes Rendus Hebdomadaires des 


S$éances de l’Académie des Sciences, v. 196, p. 625-630.) 


BOUSSINESO, J._ Equations Générales Régissant les Lents Ecoulements ‘des Matidres 
Semi-Fluides, Soit Plastiques, Soit Pulvérulentes. 1918. (Comptes Rendus Hebdoma- 
 daires des Séances de l’Académie des Sciences, ' v. 156, p. 1016-1021.) 


_ BOUSSINESQ, J. Equilibre-Limite (par Détente), ‘contre un Mur Vertical qui Commence 
_  & se Renverser, d’une Masse Sablonneuse dont la Surface Supérieure Plane a une 
Hebaomadatres des Presque Celle de Terre Coulante. 1917. (Comptes _Rendus 

Hebdomadaires des de l’Académie des Sciences, v. 165, p. 5-11.) Mathematical 


BOUSSINESQ, Equilibre- Limite (par Détente) Masse_ Prog 


anoles Supérieur. Rectiligne, et que Soutient en Avant une Mince Paroi Plane Verticale, 
Mobile autour de sa Base. 1917. _ (Comptes Rendus Hebdomadaires Séances de 
 PAcadémie des Sciences, v. 164, p. 929-935.) Mathematical study. = 


SSINESQ, J. Hypothtées Fondamentales de la Mécanique des Masses Pulvérulentes. 
1917. (Comptes Rendus Hebdomadaires des Séances de l’Académie des Sciences, v. 
,» 164, p. 657- 663.) <A pulverulent mass such as a heap of sand acquires a resistance 

to! slip when certain relations between the forces acting on the particles Dfevail, 

and each such mass possesses a unique voemneng = slip. Discusses” mathematically 
Abstract Translation, 1917. (Science v. 20a, p. 366. 
OUSSINESQ, J. Intégration Graphique pour le Probléme de lV’Etat Ebouleux, dans le 
Cas d’un Terre-Plein a Surface Libre Ondulée, Indéfini & l’Arriére et Maintenu a 
VAvant par un Mur Courbe. 1 dr. 1918. (Comptes Rendus Hebdomadaires des 


, J. Intercalation d’un Massif Sablonneux Homogéne Donné, snails dont 

» [T’Htat Ebouleux a ses Bquations Inintégrables, entre Deux Certains Massifs Hétéro- 
genes de Méme Figure, qui se Prétent Facilement aux Calculs d’Equilibre-Limite. 
‘2 917, (Comptes Rendus Hebdomadaires des Séances de TAcagtrate des Sciences, v. 164, 


BOUSSINESQ, Bs. Orientation des Etat Ebouleux (par 
. Déformations Planes), d’une Masse Sablonneuse Pesante A Profil Supérieur. Rectiligne. 
1917. (Comptes. ‘Rendus Hebdomadaires ‘Séances" de VAcadémie des Sciences, v. 


OUSSINESQ, J. Profil de Rupture d’un Serve: Plein Sablonneux Horizontal, & Couches 
‘Plus Rugueuses dans le Voisinage de son Mur de Souténement Vertical qui Com- 
a & se Renverser. 1918. (Comptes ahsanters Hebdomadaires des Séances de 


BOUSSINESQ, J. Solutions du Probléme de. la Voisines. de Celle de. Rankine 
_ et Maurice Lévy, pour les Massifs Sablonneux et les Murs de Souténement a Profil 
Yar Rectiligne. 1917. (Comptes Rendus Hebdomadaires des Séances de PAcadémie des 


BRANDT, [E.]. Die Grenzen der Giiltigkeit der _Erddrucktheorien von ‘Rankine und 
“Coulomb. ill, 1926. (Die Bautechnik, v. 4, p. 755-758.) 


Bestimmung der Gleitflichen bei Erddratkermittlungen: 1924. 
' (Die Bautechnik, v. 2, p. 546-549.) Presents a simplified graphical method of calcu- 
lation for cases of plane walls, and gives examples of applications, considering 

especially those with back- -fills uneven surfaces. 
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LIOGRAPHY ON ‘BEARING VALUE OF soILs 


BUCHWALD, MAX, ‘bet begrenzter Hinterfiillung. ill. 


' (Beton und Hisen, v. 18, 1-24.) See, also, letters, p. 90-91. Presents — re 
method of calculation with, of application to specific cases. 
- BULOW, v. Analytische Untersuchung von nach der stiitzlinie -geformten Bauwerken- | 

mit senkrechter und wagerechter Erdbelastung. 1 ill. 1924. (Beton und Hisen, v. 


28) 236- -238. Presents a table of figures to facilitate computation. 


| CAROTHERS, 'S. D. Stresses Due to a Loaded Surface When Earth is Treated as an 
‘Elastic Solid. 7 ill. 1924, (Engineering, v. 118, p. 1-2, 156-157, 159.) Presents a eo 

theory of stresses in an earth foundation, with mathematical proof. Considers 
stresses due to the weight of the earth itself, and those due solely to the load on 


Der Binfluss einseitig verschieden schwerer Hinterfiillung : auf elastische 
Gewolbe. 1 ill. 1924. .(Beton und LHisen, v. 23, p. 305.) Gives calculations: of 
action of earth-fill having various densities placed on different sides, 
RAOUL de. Détermination Graphique de la Poussée des Terres. 1928. 


(Le Génie Civil, v. 92, p. 527.) Abstract from Schweizerische —Bauzeitung, 
11-18, 1928. Derived ‘from the analytical method of Résal. 


DORR, HEINRICH. Erddruck auf die Auskleidung in Stollen und Tunneln: -(zugieich | 

‘Brérterung der wichtigsten Spannungszustiinde im Erdreich bei wagerechter Ober- 

¥: fliche). 5 ill, 1924, (Die Bautechnik, v. 2, p. 563-567.) Derives method for deter- — 
mining the limit of the pressure exerted on the roof of a tunnel, based on the © 


geometric earth-pressure theory, assuming that the ground over the tunnel consists of — 


DORR, HEINRICH. Die Standsicherheit der Masten und Winde im Erdreich. 5p 

1922. Ernst & Sohn, Berlin. Develops formulas for calculating stability for a 

| mumber of different cases, and presents the results of many experiments made to 
r ob obtain the required data. Makes use of the Engesser geometric earth- -pressure 


DOZAL, PEDRO I. Presiones. en macizos ill. 1920. (Ingenieria Inter- 


“nacional, v. 4, p. 42-43.) of Coulomb and of Rankine with that 


DUBORCH. ohne ill 1925, (Beton Bisen, 4 
190.) Abstract from Annales des Travaue Publics de Belgique. ‘Includes 
‘DUNN, CHARLES P. . Blastic Stresses in the. Rock Surrounding Pressure Tunnels. 
1923. (Transactions, Am. Soc. C. E., v. LXXXVI (1923), p. 1384-1393.) 


‘Discussion, 4 ‘ill, p. 1394-1411. _ ‘Theoretical’ study of elastic stresses caused b 


internal pressure in a circular tunnel, to assist developing -pressure- -tunnel design. 
_ FELD D, JACOB... ‘History of. the Development of Lateral Earth Pressure Theories. 1928. 


Se (Proceedings, Brooklyn Engineers’ Club, v. 26, pt. 2, p. 61-104.) Contains about 120, 
foot-note references. Discusses various theories been adv lvanced from 

_FELLENIUS, WOLMAR. FErdstatische Berechnungen mit | Reibung und Kohidsion 


_Ernst 


FORCHREIMER. La Poussée des Sables. 1923. Génie ‘Civil, 7, 88, 90. Abstract 
Polytechntsch Weekblad, 1923, no. 2, 


FRANCKE, A. ime Die natiirliche Bdschung von erdarten starken 


f 1914. (Organ fiir die Fortschritte. des Eisenbahnwesens in Technischer Beziebung, 
Y. 69, n. 8. V. 51, Dp. 403- 405.) Theoretical. el 4 
 FRANZIUS, OTTO. Grosse der. ‘Bradriicke. 1919. , (Organ fiir die Fortschritte. des 
4 - EBisenbahnwesens in Technischer Beziehung, v. 74, s. v. 56, p. 76-77.) Abstract 
Zeitschrift fiir Architektur und "1918, no. 5, p. 186. 
 . formula for calcu ating lateral earth pressure, and a table for use with ‘the formula 


FREUND, ALBERT, Neue Untersuchungen zur Erddruck- Theorie. 50 ill. 1991. (Zeit- 
-gchrift Bauwesen, v.71, p. 48-66.) Mathematical treatment based on the elastic 
_.. properties of soils. © Discusses. physical properties and equilibrial conditions of loose 
AES y “earth ; contradictions of earth-pressure theories; calculation of lateral pressure in 
7 uniform mass of earth; condition of stress in uniform soil; character and treatment 


-- of: uneven conditions of stress; and pressure of earth on retaining walls with vertical - 


FREUND, ALBERT. Untersuchung der Brddrucktheorie von Coulomb; zu ihrem 150. 
ment - fahrigen Bestehen von 1773 bis 1923. 30 il]. 1924. (Die Bautechnik, v. 2, p. 101- 
—) | 409.)" Diseusses the origin, nature, and evaluation of the Coulomb theory, including 


Winkler’ s method of analysis, and rectifies and improves the theory with the aid oh! 


FRONT AD Logoides de Glissement des Terres. 1922. Rendus Hebdoma-— 
datres des Séances de Académie des Sciences, v. 174, p. 740-742.) Determines 


equations for the curve of the plane of -Tupture of “coherent earth masses 
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FRONTARD. _ Cycloides de Glissement des Terres. 1922 tes Rendus ‘Hebdoma- 

‘ _ daires des Séances de l’Académie des Sciences, v. 174, p. 526-529.) Integrates and 
aa a complete solution of the differential equations for the plane of rupture of — 

coherent earth masses. For certain conditions, curve is an are of a cycloid. A 


Abstract, 1922. (Le Génie Civil, 80, p.216.) 
FRONTARD. Loi de la Hauteur Dangereuse des Talus 1922, (Comptes Ren- 
Hebdomadaires des Séances de VAcadémie des Sciences, v. 174, p. 930- 933. 


FRONTARD. Profils de Terrains Cohérents Surface de Glissement Plane. 1928. 
(Comptes Rendus Hebdomadaires des Académic des Sciences, v. 185, 
GIMBUTAS, L. _Aktingo zemes slegimo 8 ill. 1927 (Technika, Kovno, no. 3, 
145- i60.) French abstract, p. 160. Presents an hypothesis of active earth pres- 
sure and methods of calculation based on it, developed by Wierzbicki 
v. 3, 1922, p. 549-553. Applies the method to silo 
GUILLAUMIN, GUSTAVE. Sur Certaines Solutions Particulitres du Probleme de 
Ebouleux. 1919. (Comptes Rendus Séances de l’Académie des 
Sciences, v. 168, p. 818-820.) 
Solutions Pasticuliares du_ Probléme de 
rh _ VEtat_Ebouleux, of le Massif Considéré Comprend Deux Régions Régies par des 
Lois Différentes. 1919. (Comptes Rendus Hebdomadaires des Séances de VAcadémic 
GUSTAVE. Sur YEquilibre des Talus Terre Cohérente. 4922. 


(ON BEARING VALUE 


(Comptes Rendus Hebdomadaires des Séances de l’Académie des Sciences, v. 174, Dp. 
GUILLAUMIN, GUSTAVE. Sur les de YEquilibre | Limite des Corps” Cohérents. 
1922... (Comptes Rendus Hebdomadaires des Séances de l’Académie des Sciences, 
>. GUILLAUMIN, GUSTAVE. Sur les Lignes de Glissement Planes des Corps Pulvérulents, 
Cohérents ou Plastiques. 1922. (Comptes Rendus Hebdomadaires des Séances 
PAcadémie des Sciences, v. 174, p. 1410-1413.) 


Sir RICHARD TETLEY, ed. Dictionary of Applied Physics. 5 1922- 
Pe = 1923. Macmillan. T. E. Stanton, in v. 1, p. 0-393, sec, 33-35, presents Rankine’ s 
of the frictional stability of earth, deals with the supporting power 
~ pe of earth foundations, Wilson’s ‘experimental verification © of the Rankine formula, | 
a AT and the effect of moisture on the stability of earth. The same material is gives = 
-GOURSAT, E. Sur le Probléme de la Poussée des Terres. 1922. _ Comptes Rendus Heb- = 
re. domadaires des Séances de l’Académie des Sciences, v. 174, p. 1049.) See, also, 
1533- 1534. Reduces system of partial differential equations of. the third “order, 
developed by Boussinesq, to an integrable equation. 


a 
AMILTON, A, Erddruck gegen Uferbollwerke. 12 ill. 1926. ( 
421- ~422.) Abstract from Dock and Harbour Authority, Maren, 1926. 


-HANDBUCH DER PHYSIK: H. GRIGER. UND 


= 


HUDSON, LEO. Earth ill. 1918. (Transactions, Am. Soc. 
rd Improvements, v. 24, p. 128-135. ) Applies the wedge theory of Coulomb and attempts 
to make the application prove in mathematical agreement with Rankine’s formula. 


Derives a formula which seems to be of easier application, and also a —— f 
for determining the earth pressure against a Retaining wall, 


— (Canadian Engineer, v. 35, p. 61-63.) 


‘HUSTED, A. G. Computing the Lateral Pressure of Saturated > Earth. 2 i, 4918. 
uo Poe News- Record, v. 81, p. 441-442.) See, also, letter, by R. D. L. French, 
‘1 itt, p. 1092. — Proposed. method takes account of separation of hydrostatic from 
z JACQUINOT. Sur la Stabilité des Talus de Grande Hauteur, Notamment dans les Digues — 
de Réservoir. 4 ill. 1917. (Le Génie Civil, v. 70, p. 73-75.) Study of the design | 
of slopes of high embankments for stability, *based on the theories of Résal and the | 
1 investigations of Frontard with regard to presence of gravel. 
a JODELE, PR. Zemes slegimo klausimu. [Sur la ‘question de la pression de la terre.] 
RMAN, TH. v. Uber elastische ill. 1927. des 
Internationalen Kongresses fiir Technische Mechanik, Zurich, 1926 ? 23-3 
with the theories of plasticity and earth pressure. 
EPPNER. Erddruck auf Parallelfliigel. 2 ill. 1925. Bautechnik, v. 3, 
_ 405.) See, also, letters, p. 605-606. Treats of the case of pressure exerted on parallel 
KNOKE, H. Uber Zahlenwerte der Kohiision beim Erddruck. ill. 1995. (Die Bautech- 
sal nik, v. 8, p. 120-121.) Treats of the stability of unsupported earth banks, and 
eo ye deduces values for the intensity of shear in layers of gravelhh $4 


7 1028, 
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 £SBEY, H. Betrachtungen uber grosse und ine aes Mrauruckes. 
| Bautechnik, v. 1, p. 219-222, 279-280.) See, also, correspondence, Pasa 
. Discusses conceptions regarding active and passive earth pressures; stress 
ellipses and slopes; “natural” pressure of intact, laterally unlimited earth masses; 
pressure of fills; and direction and magnitude of earth pressure, ( 


Treats of underlying earth pressure 
to of calculation; resistance of soil to lateral and vertical forces ; Lpposting 
Power of piles; influence of cohesion; pressure on tunnels and culverts; and other 
i practical examples of the use of the methods and tables presented. Gives the results 
é of some experiments on the movement of earth particles under sae conditions, | 


KREY, H. Gebrochene und gekriimmte Gleitflichen bei Aufgaben des Erddruckes. 14 ill 
“ak 1926. (Die Bautechnik, v. 4, p. 279-283.) Considers special case for which Rankine 
“a iy theory holds good, and the shape of plane of rupture and the distribution of earth 

pressure for cases from it. Curvature of sliding 

Of earth particles shown otographically. 489 


KREY, H. Die Widerstandsfihigkeit des Untergrundes und der Einfluss | der Kohiision 
ay beim Erddruck und Erdwiderstande. 19 ill. 1924. (Die Bautechnik, v. 2, p. 452- 
474.) Study of the stability of retaining and BY boar walls with special reference to 
asa ee resistance of the foundation soil. Considers forms of surfaces of rapture, : 
influence of cohesion and absence of friction, and bearing capacity. 


LENTH, GEORGE C. D. Relation of Sewer “Trench | Width to Load on Pipe. r 14 ill. 
1924. _ (Engineering News-Record, v. 92, p. 533-535.) See, also, Editorial, “Loads 

ve on Sewer Pipe,” p. 515, and, letters, p. 779, 1030. Diagrams show pressures in 
a trenches of varying widths, for different kinds and conditions of soil. Based on 
data given in various Bulletins of the Iowa State College Engineering Experiment 


H. ‘Das verhalten lockerer Massen. ill. 1922. (Zeitschrift fiir 
poe " Physik, v. 3, p. 87-90.) Applies a previously A theory of elastic properties 

ae ig solids, based on internal friction, to loose, substances. Deduces that the © 7 


MARSTON, A., AND ANDERSON, A. 0. ‘Theory Loads on Pipes in Ditches, and 
Tests of Cement and Clay Drain Tile and Sewer Pipe. 181 p. 1913. (Iowa State a 
College, Engineering Experiment Station, Bulletin 31.) Discusses theory, deriving a 

formula for calculating loads, and gives measurements of internal friction and calcu- 
lations "a ratios of lateral to vertical pressure in granular ditch-filling material, 
p. 30-64. tabulating results, of actual loads on pipes in ditches, 
_A., SCHLICK, W. J.. AND CLEMMER, H. F. Supporting Strength o 
‘Sewer "Pipe in Ditches ’and Methods of Testing Sewer Pipe in Laboratories to hdl 
mine Their Ordinary Supporting Strength. 58 p. 1917. (lowa State College, 
ngineering Experiment Station, Bulletin 47.) Gives summary of theory” of loads 
; pipes in ditches with tables for various filling materials, p. 7-15. 


MOHR, OTTO. Abhandlungen aus dem Gebiete der technischen Mechanik. ed. 3, enl., — ; 
ee by K. Beyer and H. Spangenberg. 622 p. 1928. Ernst, Berlin. Chapter VI, “Die Niu 
Lehre vom Erddruck,”’ 2. 241-268, ives author’s graphical method of 
MOLLER, MAX, Erddruck- Tabellen. 2 pt. 1922. Hirzel, Leipsic. pt. °1, Erddruck- 
 Tabelien, mit Erliuterungen iiber Erddruck und -Verankerungen. ed. 2, rev. 149 p. 
2, Erweiterte Zusammenstellung von Erddruck-Grundwerten mit neueren Erddruck- 
peal Untersuchungen. 87 p. Presents values of earth pressure for various soils, ‘Slopes, 
oe moisture contents. Illustrates their uses and gives worked examples, using» 
graphical methods, Discusses calculation of earth pressure for special 


_ MONCRIEFF, J. MITCHELL. Some Earth Pressure Theories in Relation to Engineer- 
aon ing Practice. 26 p. _1928. Institution of Structural Engineers. Lecture delivered 
February 23, 1928. Reviews the theories of Coulomb, Poncelet, Rankine, Résal, and 
Langtry Bell, and Feld’s experiments at the University of Cincinnati.” 
use of the ‘theories of Poncelet and Coulomb for engineering Work, 
MORAN, DANIEL E, Distribution of Soil Pressure as Related to Foundations. 3 ill. ‘Pe ice 
~~ 492i, _ (Engineering News-Record, v. 86, p. 365-370.) See, also, Editorial, “Another 
Call for Research,” p. 363-364, and letter, by Charles Terzaghi, i ill., v. 87, p. 77-78. oy 
Considers present theory of stress distribution in granular material, faulty. b iscusses 5 
Sa arm ey on rock, non-uniformity of pressure in sand, behavior of sand 
h effect of surcharge, with footing foundation 
MOULTON, EL G Earth and Rock Pressures. 14 ill. 1920. \ (Pransactions, Am. Inst. 
—,- Min, and Met. Engs., v. 63, p. 327-351.) Discussion, 11 ill., p. 351-369. Compares | 
the behavior of coherent materials under failure in’ excavating operations, ranging 
from moist sand to hard rock. All these materials will stand with a vertical face 
to a certain depth. Below that depth they will fail in shear in exactly the same 
_ Manner and leave exactly the same shape of bank after failure. Asserts that exist- 
ing formulas of earth pressure that make use of an angle of repose and result in an — 
estimate of pressure greater at the bottom of a cut, do not hold for materials 


peer 


-PAASWELL, GEORGE. Effect_ of Practical Earth-Pressure “Theory. 1 ill. 

1921, (Eng News-Record, v. 86, p. 682-683.) See, also, letters, 1 ill., 

Saag 87, p. 77-78, 161. Purpose is to show that current methods of designing for non- 

coherent material are safe and although many observed phenome Mere 


&KRBEY, Erddruck, Erdwiderstan undes; Gesichtspunkte 
fiir die Berechnung, praktische Beispiele, und Erddrucktabellen. ed. 3, rev. and enl. 
p._1926.__Ernst & Sohn, Berlin. ‘“Literaturnachweis,” p, 241-246. Good _presen- 
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‘PAASWELL, GEORGE. | Observations: on the Failure of Structural Materials. 
(Engineering News-Record, v. 91, p. 379- 880.) Critical abstract of paper by Chidd 
- Sunatani in Technology Reports of the Tohoku Imperial University, Sendai, Japan, — 
v. 3, no. 1, 1922, on tests which point to influence of internal friction and indicate 4 
Ol Rein a constant angle of friction. Suggests that these conclusions may hold for soils 
PAASWELL, GEORGE. ‘Transmission of Pressure ‘Through Solids and Soils and the 
Related "Engineering Phenomena. 8 ill. 1922. (Transactions, Am. Soc, C. E., v. 
LXXXV (1922), p. 1563-1577. ) Discussion, 17 ill., p. 1578-1500. Mathematical 
. , analyaia, applying some theorems of elasticity to soils. Discusses transmission of _ 
through a solid or through a coherent soil, under an applied vertical load- 
ng, and through a solid subjected to stresses produced by its own weight. thet all 
AD section of the wall; magnitude, direction, and point of application of earth pressure; _ 
and solution of problems by means of formulas and graphs, 
‘PETERSEN, RICHARD. Grenzzustiinde des Erddruckes auf Sttitzmauern, 16 p. 1925. 
Springer, Berlin. Reprinted from Der Bauingenieur, v. 6, 1925, RO... 
‘HEINRICH. Druckverteilung, Erddruck, Erdwiderstand, Tragfibigkeit. 92 p. 
1928. Springer, Vienna. Contains bibliographical foot-notes. ” Analysis of the dis- 
a _ tribution of pressure under loaded areas with regard to earth pressure, earth 
resistance, and bearing capacity. Advances theory of -of- -pressure”” fields. 
PRESSURES ON EARTH- RETAINING WALLS, 2 ill. 1914. (Concrete and Construc- 
tional Engineering, v. 9, p. 739-740.) Diagram for determining pressure of — 


upon retaining walls with varying angle o of the values: being 


PUBLIC WORKS CONGRESS. 1927. (Hngineering, v._ 124, 679- 681. Part. of 
serial article on ar meetings of the Congress, held November 14-19, 1 27. Ineludes 
abstract of C. S. Chettoe’s ‘‘Design of Deep Culverts,” and discussion thereof, on > 
680. Original paper is long and largely mathematical. Deals” with pressu: 
exerted by fill and with compressibility of foundation. 
REISER, H. Zum Erddruckproblem. 1925. (Proceedings, First Internationa 
for Applied Mechanics, Delft, 192i, p. 295-311.) | Mathematieal. 


_ BEMOUNDOS, GEORGES. Sur le Probléme Général de la Poussée des Terres. 1922. 
«(Comptes Rendus Hebdomadaires des Séances de l’Académie des Sciences, v. 174, 
1533-1534.) Note calling attention to a typographical error in ‘Boussinesq’s equa- 
tre tions quoted in author’s earlier paper. Goursat’s solution, based on the — 
‘error, is, therefore, inapplicable to the problem. 


equations showing distribution of pressure under foundation piers. Shows that all 
coherent granular materials have like failure surfaces, indicating general laws of 
failure. Some of the participants in the discussion give results of experiments on — 


p. 1924. Springer, Berlin. 
Pp. 15 references. the influence of the shape 
of the wall, earth pressure, and permissible foundation pressure on the requisite cross- 


be 


§ ; 


Merres. 1922, "(Comptes Rendus Hebdomadaires des Séances de 
. alee des Sciefices, v. 174, p. 929-930.) Reduces system of partial differential equations — 
of the third order, developed by Boussinesq, to linear equations of the 


SCHILLING, FRIEDRICH. Uber die Béschungsfiichen mit Kegelachnitten Baste. 
‘kurven. 1924. (Physikalische Berichte, v. 5, pt. 2, p. 875.) Abstract from 
Leitschrift fiir Angewandte Mathematik und Mechanik, vy. 3, no. 3, p. 197-217 eee d 
$Studies the slope of the surfaces of sand piles placed on a horizontal base; 5 a 


SCHMID, HANNS. Statische Probleme des Tunnel—und Druckstollenbaues und 
Gegenseitigen Beziehungen ; Gleichgewichtsverhiltnisse im massiven und kreisférmig 
-durehérterten Gebirge und deren Folgeerscheinungen ; spannungsverhaltnisse unterir- 
discher Gewdlbebauten. 148 p, 1926. Springer, Berlin. “Literatur,” p. 145-148. 
contains 104 references. Attempts to formulate mathematically, “with the aid of | 
the theory of elasticity, the forces acting about a tunnel. results thus 
obtained with data from existing tunnels. j= | 


SCHULTZE, JOACHIM. Gekriimmte Erdgleitflichen. 6 ill. 1915. (Beton Eisen, 
vy. 14, p. 285-286.) Presents method for a simple and accurate calculation of the 
pent form ‘and action of the curved surfaces of slip in earth masses. 


- SHARP, CHARLES E., Jr. Reinforced Concrete Arch in Sewer Construction ; A Review 
_ of Past Practice in Design and an Account of Recent Studies in St. Louis, Missouri. 
19 ill. 1925. (Proceedings, Am. Soc. C. E., August, 1925, Papers and Discussions, 

-p. 1082-1113.) Discussion, 2 ill., p. 1985-1994; v, 52, p. 278-281, p. 454-456.. Dis- 
cusses in detail conditions of loading common to such sewers, and resents formulas 

for corresponding vertical and horizontal loading, due to the back-fill of plastic soil. 
Analyzes conditions of arch support, and derives equations for moments and stresses 

in which one of the variables is the depth of earth- fill. sv bare 


Condensed. 1925, (Engineering and Contracting, v. 64, p. 1279.) at 


SPOFFORD, CHARLES MILTON. Theory of Structures. | ed. 3, rev. and 
,1928, McGraw. Chapter “Barth Pressure,” Dp. 517-5 527. 


SPRENGER, Le ‘Calcul den Murs de Quai Btablis en Terrain Non Conaistant. 1 
(Le Génie Civil, v. 89, p. 262-263.) Abstract from Polytechnisch Weekbiad, 
May “27, 1926. Deals with calculation of the stability of quay walls at Shanghai, 
founded on a soft earth pressure theories gave unsatisfactory results. 
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STANTON, “THOMAS ERNEST. Friction. 183 p. 1928. Presents, on 


149, Rankine’s theory of the frictional stability of earth, and deals with the sup- =). 
we ~~ porting power of earth foundations, Wilson’s experimental verification of the Rankine © 
nits formula and the effect of moisture on the stability of earth. _— same — is 
given in -Glazebrook’s “Dictionary of Applied Physics.’ Pat. ths 


‘STRECK, Die Frage der 
Bautechnik, v. 4, p. 431-432.) Discusses certain such as a 


ss yepose and “angle ‘of internal friction. Much attention to Tersaghi's views. 


_STROYER, R. N. Earth Pressure on Flexible Walls. 1928.  (Conerete and Construc- 
Bite tional "Engineering, v. 23, p. 194-195.) Abstract of paper read before the Institution _ 
4 bic: of Civil Engineers, March 6, 1928. Deals with problem of sheet-piles, P'the earth x 
4% with the effect of the elastic strain of the wall upon the magnitude of | P 
Condensed. 1928. : (Engineering, v. 125, p. 303.) Het PERT 


q SUQUET. | 


D+ 


me 


pd Statics, and Masonry. 525 p. 1927. McGraw. Chapter XX, p. 279- 347, gives a 
good critical treatment of earth pressure, dealing with the important theories and 

experimental investigations. Chapter XXII, Walls,” p. 370-389. 


TERZAGHI, CHARLES. Die Erddruckerscheinungen in ‘értlich beanspruchten Schiit- 
tungen und die Entstehung _“Tragkérpern, 48 p. 1919. Deutschisterreichische 
Staatsdruckerei, Vienna. Reprinted from Osterreichische ‘Wochenschrift fiir den 


 Offentlichen Baudienst, 1919, no 17-19. Deals with the bearing capacity and com- 
S “6 pressive strength of- a mass of sand; lateral pressure of a mass of sand with 
gurcharged ; and conditions of stress in fills. 


vi 


‘THULLIE, MAX. Amerikanische Erddruckversuche. | 1924. (Zeitschrift, Osterreichischen 
% ‘ie Ingenieur- und Architekten-Vereines, v. 76, p. 63-64. ) Compares the experimental © 

: results of Braune and Feld with the calculated results pata to the theories of 


‘THULLIE, MAX, and KURYLLO, ADAM. _Erddruckbestimmung nach 


1920, 
-VIETINGHOFF, -P. Analytische Untersuchung von nach der stiitzlinie geformten 
Bauwerken mit senkrechter und wagerechter Erdbelastung. 1 ill. 1922. (Beton und 


-Bisen, v. 21, p. 283-284.) See, also, letter, by v. Biilow, v. 22, p. 


_ WALKER, WILLIAM J. _ Modification of Rankine’s Theory of Earth ‘Peessare on 
Retaining Walls. 1925. (London, Edinburgh, and Dublin Philosophical ‘Magasine 
aaa and Journal of Science, v. 265, ser. 6, v. 49, p. 476-480.) _ Modification consists in the 
assumption of a finitely extended ‘surface. ‘The modified theory gives results vane ar 


WHITE, LAZARUS. Earth in Foundations Considered et an Elastic Solid. 6 ill. 1920. 
~ (Engineerin News-Record, v. S5, p. 1268-1270.) See, also, letters, 1 ill., v. 85, p. 89, 
ss 185, 439, 565; v. 87, p. 77-78 isputes deductions from angle-of- repose theory and 

considering earth as non-cohesive and granular. Cites several bearing tests and pile 

- gettlement tests to support principle that earth under load behaves as an elastic solid, | 

Discusses “bulb of pressure” and describes its application in the “Pretest” ‘system : 
foundation construction. tor: 


WOODS, F. Walls and Geostatic Theories. 8 ill. 1926. Engineer, 
oe 141, p. 604-605.) See, also, letters, 3 ill., v. 142, p. 90, 112-113, 425. (Author & 
believes that in calculating the stresses exerted by earth against a retaining wall, 
the factor of soil cohesion should be allowed for, by the application of suitable 
coefficients of correction introduced into theoretical formulas. Illustrates application 


2 
ALFRED, \S._E, Experiments on Hardness and 
io 3 (Nature, v. 111, p. 17.) Letter regarding the penetration of clay and of lead by a 
loaded Gisk, Contains of pressure of fluidity of London clay. 


144-145.) 
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ser, 10, v. 54, p. 96-103.) Develops a formula giving results consistent with observa-  @& 
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series of small-scale laboratory experiments made on London clay puddled to a very 
587 soft condition. Experiments were made with piles and pyramids. Considers surface 
.. . > friction, pressure of fluidity of clay, work done in causing penetration, lateral and oe iS 

iil. vertical pressures, and effect of tapering and pointing 
_——Abstract. 1919. (Hngineering and Contracting, v. 52 


ALFRED D8. E. Physical of 8 in. 1920. (Transactio 


Soc. of. Engrs., 1920, p. 196- 226.) Correspondence, p. 226- 236. Discussion, p. 235-— 
9 BHO. Experiments reported in this paper deal with coefficient of friction, pressure of 


a i fluidity, indentation of steel ball, tensile strength, fineness and sand content, il 


ment, and extrusion. Includes also experiments on chalk. 
1921. (Engineering and Contracting, v. 55, p. 331- 332. 


1920. Times, London, Engineering ‘Supplement, “no. 552, 314.) 


ALFRED E. Physical Properties of Clay. 7 1921. (Transactions, 
Soc. of Engrs., 1921, p. 87-114.) Discussion, 5 ill., p. 115-130, 173-175. Gives sat 


he so} ea additional inv estigations on pressure of fluidity, effect of boiling, flow from under a 


disk, adhesion to cylindrical surface of a Dile, extrusion, and viscosity. 
——Abstract. 1921. (The Engineer, v. 181, p. 551.) 


AOKERMANY, ALFRED S. E. Physical Properties of ill. 1923. 
_ Ceramic Soc., v. 22, p. 333-343.) Discussion, p. 348. Abridged report of a lecture § 

_ giving results of experiments on London clay, Detailed account of, these investiga- . 

tions is published in Transactions, Soc. of Engrs., 1919-19238. 


| ACKERMANN, ALFRED S. E. Physical Properties of Clay; and a Supplement on Pile- — 
Set Gauges. 10 ill. 1922. (Pransactions, Soc. of Engrs., 1922, p. 151-173.) Dis- 
ing cussion, 1 ill., p. 174-199. Includes report of investigation of the load necessary to > 
“* crush a model cliff of clay. Greater part of paper is devoted to a description of the 
Gr eh=p autographic pile-set gauge designed by the author and to results obtained with it. | ? 
ACKERMANN, ALFRED 8, E. Physical Properties of Clay and the Dynamics of. Pile- é. 
_ Driving. 10 ill. 1923. (Transactions, Soc. of Engrs., 1923, p. 25-53.) Discussion, 
3 54-70, 121- 124. Discusses first the various forces involved in pile-driving, based 
on information obtained by. means of author’s autographic pile-set gauge. Second 
part of paper discusses relationship between hardness of metals and pressure of 
- fluidity of clay, and advances an hypothesis to account for the phenomenon of the — 


ate AMERICAN RAILWAY ENGINEERING ASSOCIATION. Report of Committee I [on] 
Rosdway. Appendix C, Corrugated Metal Culverts for Railroad Purposes. Preparing 
with Assistance of Committee on Iron and Steel Structures, 28 ill. 
att (Proceedings, Am. Ry. Eng. Assoc., v. 27, p. 794-828.) Presents the results 
“= = investigation “of the pressures to which culverts are subjected in fills. Tests 
Ri were made on 24- to 48-in. pipe culverts under embankments up to 39 ft. in height, 
‘pressures at various parts of the circumference being measured with the Goldbeck — 
—abstract. 1926. (Public Works, v. 57, p. 285-288.) 
AILWAY ENGINEERING ASSOCI ATION, Second Progress» Report [of 
~ the] Special Committee on Stresses in Railroad Track. See American Society of 
Engineers, “Second Progress Report of the Special to Report on 


: AMERICAN SOCIETY FOR ‘TESTING MATERIALS. ‘Tentative Standards, 

1926. 1100 [1926.] The Society. ‘Tentative Specifications for Natural or 
ph ‘Artificial Sand- Clay Mixtures for Road Surfacing, Serial Designation : D67-23T,” p. 
«+51 6- 518, includes method of mechanical analysis of subgrade soils; “Tentative Method 

of Test for the Determination of Oe —e Subgrade § Soils in the Field, 

| AMERIOAN SOCIETY OF CIVIL ENGINEERS. Second Progress Report of the Special 
to Report on Stresses in Railroad Track. 100 ill, 1921. (Transactions, 
Am, Soc. C. E., v. LUXXXIII (1919-1920), p. 1409-1580.) | -Diseussion, p. 1581-1582. 

_ Reports tests conducted at the University of Illinois for the purpose of finding the 

_ methods and principles involved in the transmission of pressure vertically and 


laterally through ballast materials, and gives an analytical discussion of the trans- 


pebbles. of p. 7-1580. Materials sand, broken stone, and 


——1920. (Proceedings Am. Ry. Eng. Assoc., v. 21, p. 645-814. ) Discussion, p. 1424- 


1426, “Transmission of Pressure in Ballast,” p. "765- ral sions 


—Abstract. 1920. (Electric Railway Journal, v. 55, p. 704-706. debug 
1920. (Engineering and Contracting, v. 53, 289-296.) 
1920. (Engineering News-Record, v. 84, p. 406-413. ) Beccary» ict 
Abstract. 1920. (Railway Age, vy. 68, p. 670- 673, T75- 779.) 
> 
—Abstract Translation, 1920. (Ingenieria Internacional, v. 27-35. 
SOCIETY OF CIVIL ENGINEERS. “Report of Committee on Subsoils of 
te Boston. — ill. 1928. (Journal, Boston Soc. of Civ. Engrs., v. 15, p. 197-200.) 
hanical analysis of a sample of boulder- 
Plocculation: on ‘the ‘Compression. Strength of Gila Clay 
1927. (Agricultural Engineering, v. 8, p. 252- “253, 257.) Describes 
ysical Proper of Subgrade ‘Materials. 15 i (Proceedings, 
| Am. Soc. for Testing Materials, v. 22, pt. 2, p. 337-355.) anne 356-361. 
- Presents revision of methods of testing as described by Goldbeck and Jackson in 
_ Proceedings, Am. Soc. for Testing Materials, v. 21. Tests cover mechanical analysis, 


experimental 
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——Condensed. 1922. (Canadian v. 48, 362. ) | 


Condensed. 1922 2. (Engineering and Contracting, ve 822-35 -324.) 


Abstract. 1922, (Bngineering News- Record, v. 89, 112.) 


ag J. BR. Procedure for Testing Subgrade Soils; A Description of the Revised — 
Methods Adopted by the Bureau of Public Roads. 10 ill. 1925. (Public Roads, v. 6, — 
p. 34-39, 41.) Revision of methods described by Goldbeck and Jackson, and by Boyd 
in Proceedings, Am. Soc. for Testing Materials, v. 21 and 22, respectively. Deals | 
with preparation of samples, mechanical analysis, “tests for’ moisture equivalent, | 
capillary moisture, volumetric shrinkage, comparative bearing value, slaking value, 
and dye adsorption, and interpretation of results. 


BRAUNE, G. Earth Pressures on Culvert Pipes. (9 ill. 1927, (Public Roads, v. 7 


222- 226. ) Discussion, 9 ill., p. 226-229. Paper before the American 
Association of State Highway ’ Officials, at Pinehurst, N. C., November 12, 1926. : 
Describes experiments conducted by the University of North Carolina, in. which sand i 
and clay embankments up to 20 ft. in height were built. Discussion, ‘by Anson 

Marston, gives a summary of the Iowa Baginsering Experiment Station investigations. 


BUISMAN, Eenige beproevingsmethoden ter. bepaling van den inwendigen 
ee wrijvingsweerstand van grondsoorten. 16 ill. 1928. (De Ingenieur, v. 43, p. B.135- 
B.1438.) Discussion, p. “B. B.145. Discusses internal friction and cohesion and 4 


CHANEY, R, Soil Exploration by Pipe Sounding. 1 ill. 1919. 
 -- Record, v. 83, p. 439- 40.) Describes method for determining character of soil below _ 


CHRISTIAANSE, J. ter bepaling van den passieven in sand. 
peal 11 ill. - 1920. Ingenieur, v. 35, p. 338-347, 431-432.) 2 ill., p. 477- 
Be, 870, 908-911, 954, 989-991; v. 35, p. 74-75. iy See, also, v. 35, p. 6 5-691. 
Describes arrangement of the apparatus and giv es results of rather large-scale tests. z 


(CLEMMER, H. F. Illinois to Make Extensive Investigation in Subgrades. 2 ill. 1928. 
(Municipal and County Engineering, v. 65, p. 49-51.) Outlines some of the tests 
made, and describes briefly 14 types of soils tested. 


* 
C. N. Pressure of Earth Fills Measured. ill. 1925. (Public 
24. ) _ Tests of pressures produced by sand and clay fills on 30-in. tron 
pipe: Clay fill exerts greater pressure than sand fill at all depths. | 


—Condensed. 1925. (Engineering and Contracting, v v. 63, p. 884.) 


CROSTHWAITE, PONSONBY MOORE. Experiments on Earth- 17 ill. 1917. 
y (Minutes of Proceedings, Inst. C. Vv. 203, p. 124-166.) Discussion, 3 ill, p. 167- | 
“sO Correspondence, 5 ill., p. 199 210. Describes a number of experiments made 
tk loading a plunger resting upon the surface of the material to be tested _— 
= the depth of penetration under varying loads. - Calculates angle of internal 
friction from these data, using Rankine’s formula for safe depth of foundations. — 
_ Test materials were sand, garden earth, cinders and ashes, and clay. “Experiments 
Lis indicate that for granular materials, penetration varies direc asad as ‘the: load, but ae 
clay, it varies as the square of the load. 


Abstract. 1916. (The Builder, London, eet aunivers 


_——Abstract. 1917. (Blast Furnace and Steel Plant, v. 5, Pp. 165-166. 
——aAbstract. 1917. (Scientific American Supplement, v. 83, p. 99; v. 84, p. 179.) 

——Abstract. 1918. (Engineering and Contracting, v. 50, 127- 128.) ine 


CROSTHWAITE, PONSONBY MOORE. Experiments on the Horizontal Pressure ot 
baat Sand. 10 ill. _ 1921. (Minutes of Proceedings, Inst. C. E., v. 209, p.. 252-283.) 
Discussion, 1 ill, Pp. 313-327. Correspondence, 4 ill., p. 328-339. Discusses theories 
of earth pressure in general use, and describes experiments on the pressure exerted jes 
against a model wall, giving details of the apparatus and results. One of the con- 
clusions is that the wedge theory, when modified by leaving out wall friction’ and ae 
introducing, instead of the angle of repose, the angle of internal friction, gives correct ot 
1920. (The Builder, London, $418}, Sa and ink rer 
Abstract. 1920. (Engineering, v. 109, p. 253- tas 
Abstract. 1920. (Engineering and Contracting, v. 53, p. 352. ) ye gl 
——-Abstract. 1922. __ (Engineering News-Record, v. 88, p. 


—Abstract Translation. 1922. (Ingenieria Internacional, v. 7, p. 201- 202 2) 


4 


- 


4 

Ge 

| 
a 

ire 
* 
le- 

on, 

matural state in the ground. Gives results for several specific soils. 
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BIBLIOGRAPHY ON BEARIN LUE OF SOILS 
Progress Report on Culvert 1927. Sixth | 
‘Annual Meeting, Highway Research Board, December 2-3, 1926, p. 366-369.) Dis-_ 
‘eussion, 1 ill, p. 370-374. G. Braune, in discussion, deals with earth pressure on 
guilvert pipe, and gives the results of some experiments. = 


DAV IES, JOHN P. Engineering Office Systems and Methods, Together with Schedules — 
and Instructions for the Collection of Preliminary Data for Engineering Projects; 
Inspecting, and Materials ; Conducting Domestic and 


DENSITY TESTS OF EARTH SHRINKAGE IN RAILWAY FILLS. 1 ill, 1920. (Engi- 
neering News-Record, v. 85, p. 782-783.) See, also, Editorial, “Earth Shrinkage 
_ Research, ” p. 7738, and letter by Charles Prelini, p. 1007. From a report by H. 8. 
' Marshall’ given as an appendix to the report on shrinkage of earth by a Sub- ce 
mittee of the Railroad Presidents’ Conference Committee on Federal Netaation. 
Describes tests made by the Chicago, Burlington and Quincy Railroad. 
Condensed. 1920. (Engineering and Contracting, v. 54, p. 591.) 


end 
EARTH PRESSURES IN THE CONSERVANCY DAMS. 1 ill. 1919. (Miami Gonser- 


cher . wancy Bulletin, v. 2, 34, 45-46.) See, also, p. 138-143, and editorial, p. 115- ime, 

_. Brief descri tion of the method of measuring pressures in cores of hydraulic- -fill dams. 

~Condensed. 1919. (Engineering and Contracting, v. 52, p. 585. 

Cc. Shtinkege of Hydraulic Fill for Huffman Dam. 1 ill. 1927. 


neering News- Record, v. 98, p. 145. of 


ELLIOTT, MALCOLM, Upward» on Floor of on Foundation. 
‘en ill. 1920. (Military Engineer, v. 12, p. 558-560.) Gives results of observations 

at Lock No. 48, Ohio River, below Louisville, Ky. Tig. 


ENGER, MELVIN L. Bxperiments on the Distribution of Vertical Pressure Through 
wee Sand. 17 ill, 1916. (Engineering and Contracting, v. 45, p. 53-56.) | See, also, 
_ Bditorial, “Concerning Soils and the Distribution of Load Through Them,” p. 
_ See, also, letters, 1 ill., p. 398. Describes tests made at University of Illinois and | 
gives results obtained. ' Action of sand under load is shown photographically. Maxi- | 
mum intensity of pressure decreases little with increase in bearing area. Concludes | 
that certain common assumptions regarding earth pressures are’ 
_——1916. (Engineering Record, v. 73, p. 106- 
+1916. (Railway Review, v. 58, p. 129-182.) 


Re-Arranged. 1916. (Railway Age Gazette, v. 60, p. 321-323.) 


——Abstract.. 1916. (Canadian Engineer, v. 30, 659-660.) be 
Abstract. 1916. (Engineering, v. 101, p. 170.) 


Abstract. 1916. (Journal, Am. Soc. Mech. ‘Engrs., v. 88, p. 267-268.) 


Abstract Translation. 1916. (Organ. fiir die Fortschritte des Bisenbabnwesens 
‘Technischer Beziehung, v. 71, n. s., v. 53, p. 217-219.) 
GIVE DATA ON EMBANKMENT SHRINKAGE. 11 i. 4920. (Rait- 
Ey Age, v. 68, p. 1573-1577.) Gives the results obtained by the Chicago, Burlington _— 
& Quincy Railroad, using the density method. _ pitt 


1920. (Hngineering and Contracting, v. 53, p. 682-683.) 


FEHR, R. B. Experiments on the Distribution of Vertical Pressure in Barth. 13 mn 
1915.) (Annual Report, Pennsylvania State College, 1913-14, pt. 1, p. 117-128.) 
Identical with Pennsylvania State College Engineering Bxperment : Station, Bulletin 11. — 


—Condensed. 1917. (Engineering and Contracting, 47, p. 480-482.) Continuation 
of —— tests. - Purpose is to check earlier results for sand and to obtain data on 
ee clay mixture and loam. Concludes that percentage of transmission increases with 

nerease of load, and is always less than 20 for depths greater than 2 ft. For | 

ae eccentric loads, it is always less than 20 when the loading strip is not over any © 
FELD, JACOB. Lateral Earth Pressure: the Accurate Experimental Determination of 
Lateral Earth Pressure, a Résumé of Previous Experiments. 6 il. 
‘ 1923, (Transactions, Am. Soc. C. E., LXXXVI_ (1923), p. 1448-1505.) Dis 
a cussion, 22 ill., p. 1506- 1598" + Describes . large number of tests carried out at the 
University of "Cincinnati, using large-sized apparatus for measuring directly by 

ae _ means of platform scales the components of the active pressure on a model wall. 

a ests with sand under various conditions, using vertical and battered walls, indicate 

Sarees ua the reliability of the Poncelet theory of the maximum wedge causing oblique pressure. 

- — Tests with walls battered in both directions show that the direction of the resultant | 
pressure is always inclined to the normal at an angle equal to the angle of friction _ 
on the back of the wall. Effect of ‘surcharge does not agree with. the ordinary — 

changes in lateral pressure. ? 

—Abstract. 1924. (Public W ‘orks, v. 55, p. 29- 80.) 


FELD, JACOB. Measured Retaining-Wall_ Pressure from Sand ‘and’ ‘Surcharge. att on 
1922. (Hngineering News-Record, v. 88, p. 106-108.) Preliminary report | “ad th 


University of Cincinnati experiments on the of and static and dynamic 
surcharge 
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FELD, ‘JACOB. ‘Retaining ‘Walls. 1 ill. 1923. (Scientific Monthly, 17, p. 
Qutlines experiments conducted at University of Cincinnati to test "the ‘pres- 
of granular materials against retaining walls 
FRANZIUS, OTTO. Laboratoriumproeven inzake gronddruk. 1928. (De Ingenieur, 
43, p. B. 332.) Abstract from Der Bauingenieur, 1928, no. 43-44. Gives con- 
clusions drawn from large-scale earth-pressure experiments. 
ay FULTON, ANGUS ROBERTSON. Overturning Moment on Retaining-Walls. 10 ill. 
g . 1921. (Minutes of Proceedings, Inst. C. E., v. 209, p. 284-312.) Discussion, 1 il. 
- p. 818-3827. Correspondence, 4 ill., p. 328-339. _ Account of an experimental investi- 
gation employing the method of direct measurement of the overturning moment, as 
_ obtained by he use of rotating boards, for the purpose of verifying the wedge sl 
or Rankine’s theory. Filling was sand, gravel, and garden soil. It was concluded 
ss that=s«the overturning moment on retaining walls, due to the filling, as calculated 
ss“ from a general formula based on the wedge theory, is approximately the same as _ 
ue ordinarily exists when the filling behind the wall is uncompacted, when the height Y 
= is within the limits of the experiments, and when the inclination of the inner face_ 
of the wall is not greater than usually obtains in practice 
Abstract. 1920. (Builder, London, v. 118, p. 263.) a 
Abstract. 1920, (Engineering, v. 109, p. 254. be 
 @ILBoy, GLENNON. Compress bility of Sand-Mica Mixtures. 4 ill. 1928. 


 tLilh, v. 54 (1928), Pp. 1933-1938, 2357 -2358, 2543-2544; v. 55 (1929), p. 979-981. Pre- 
 . an outline of a series of experiments on the compressibility of different mixtures . 
of sand and mica, at lateral confinement. Discusses certain conclusions regarding soil fi 
mechanics and foundation problems that may be drawn from the results of the test 
‘ie A. T. “Distribution of Pressures Through Earth Fills. 8 ill. . 1917. Pree 
ceedings, Am. Soe. for Testing Materials, v. 17, pt. 2, p. 640-654). Discussion, 1 ill, 
sp, 655-661. Presents data on the distribution of vertical pressures through sand fills 
under concentrated loads. Measurements were made with apparatus designed by the 
j Condensed. 1917. (Canadian Engineer, v. 83, p. 76-78.) 
——Abstract. 1917. (Engineering and Contracting, v. 47, p. 589- 590. 
Abstract. 1917. (Engineering News-Record, v. 79, p. 116-117. 


——Abstract. 1917. (Good Roads, v. 52, ser. 3, v. 14, p. 79-81.) 


-GOLDBEOK, A. T. Friction Tests of Concrete on Various Sub-Bases. 2 in. 1917. 
Mo: (Proceedings, Am. Concrete Inst., v. 13, p. 239-245. — Gives results of tests carried 
GOLDBECK, A, Friction Tests of Concrete Various Sub-Bases. 2 ill. 1 4. 

(Public Roads, v. 5, no, 5, p. 19-20, 23.) Describes tests made with road» a 
--various subsoils. Wet sub-base lowered frictional resistance. 
1924. (Engineering and Contracting, v. 62, p. 321-324.) autbile 
——Re-Arranged. 1924, (Conorete, v. 25, p. 193-195.) get, Slade 
-Abstract Translation. 1925. (Le Génie Civil, v. 86, p. 613-614.) 


GOLDBECK, A. T., and JACKSON, F. H. Tests for Soils with ‘Relation to Their Use i = 
Subgrade of Highways. 1921. (Proceedings, Am. Soc. for Testing 

ss: Materials, v. 21, p. 1057-1072.) Describes methods and apparatus used for deter- 

“ mining adation, water- holding capacity, moisture equivalent, vertical capillarity 
have: 4 air shrinkage, slaking time, cementing value, colloidal content, and comparative bear 

2 ing power of soils. Includes typical results of tests, and results of bearing value 
tests under different moisture conditions, «= 


~—1921. (Good Roads, v. 61, p. 84-86, 89-90, 95-96, to 
—Condensed. 1921, (Engineering and Contracting, v. 56, 230- 
Condensed. 1921. (Public Roads, v. 4, no. 3, p. 15- pia 
Abstract. 1921, (Engineering News- Record, “86, Dp. “4131. 4 


GOLDBECK, A. W. [sic]. _ Tests to Determine Pressures Due to Hydraulic Fills, ill. 4 
nf 1918. (Engineering ‘News- Record, v. ‘80, p. 758-760.) See, also, Editorial, ‘‘Harth- 
i Fill Pressure Can be Measured,” p. 745- 746. Describes large-scale laboratory tests are 
on clay fills to determine suitabllity of. method for Measuring stability of dikes 
against thrust of core. This method was subsequently used in- the construction of 


HADLEY, W. W. Bridge Surveys for New Structures. 1927. (Municipal and a 
_ Engineering, v. 72, p. 71-75.) Paper delivered at the Thirteenth Annual Road School, 
Purdue | University, January. 17-21, 192 927. Discusses investigation of subsoil ‘condi- . 
_HINDS, JULIAN. Upward Pressures Under Dams: Experiments by the United States 
~ ‘Bureau of Reclamation. 20 ill. 1928. (Transactions, Am. Soc. C, E., v. 93 (1929), we 
p. 1527-1550.) Discussion, 13 ill, p. 1551-1582. | Gives results of uplift méasure- 
ments made on the Colorado River Dam, Grand Valley Project, Colorado, and the 
_ Percha Dam, Rio Grande Project, New Mexico, both founded on gravel; the Willwood = 
Shoshone _ Project, Fails" sandstone and. shale, 


ae and the American Falls Dam, Minidoka Project, tue built on comment : 


Am. Soe. C. E., February, 1928, Papers and Discussions, p, 555-568.) Discussion, 
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no. 6, p, 3-18; no. 7, 1-18, 27.) Considers 
method bformation of subgrade under impact blows, giving 
some typical records, and determination of moisture content of 


BIBLIOGRAPHY ON, BEARING VALUE ‘OF SOILS 
-HOGENTOGLER, Cc. A., TERZAGHI, CHARLES, AND WINTERMEYER, A, M. — 
Status of Subgrade Soil Testing, by the Division of Tests, United States Bureau of 
ss ;Publie Roads. 6 ill. 1928. (Public Roads, v. 9, p. 1-8, 24.) Reviews briefly infor- 
mation furnished by early Bureau, Rose, Atterberg, and Terzaghi tests; and d i 
the significance of the various tests, the interrelationship of the results of different — 
tests. and the selection of simplified tests for laboratory procedure. = = | 


*-HOUK, IVAN E. New Design Features in Willwood Diversion Dam. 6 il. 1927, (Engi- 
_ neering News-Record, v. 99, p. 660-654.) Dam on Shoshone River, Wyoming, is 
ee on seamy shale and sandstone, Includes measurements of uplift yoeares. 


OUK, IVAN E. Puddle Core Investigations at Tieton Dam, Washington. 6 ill. 1926. 
_ (Engineering News-Record, vy. 97, p. 544-547.) Gives core pressures as measured 


with the Goldbeck cell, results of ball- penetration tests, and friction coefficients of 


HUMMEL, FRANK HARVEY, ‘FINNAN, of Pressure on Sur- 
faces Supporting a Mass of Granular Material. 17 ill, 1921. (Minutes of Proceed-— 
- dings, Inst. C. E., v. 212, p. 369-392.) | Experimental investigation of the distribution mi 
of pressures on a bounding surface. Describe the apparatus employed and the results . 
obtained, and analyze the results. One of the conclusions was that for indefinitely 
Yom extended plane surfaces, ary sand behaves in accordance with Rankine’s theory, but 
that in the neighborhood of a discontinuity in the surface slope or of a co 
_ surface in any direction, Rankine’s results cannot, in general, be applied. =| 


 _ JACKSON, F. H. Condition of the Ohio Post Road After 10 Years Under Traffic; q 
» at Survey Made for the Division of Tests, United States Bureau of Public Roads. 5 i, 
note 1925. (Public Roads, v. 6, p. 81-85, 92.) Gives results of physical tests of rast 
the soils, and relation of cracking of pavement to subgrade soil, p. 85, 92. 


<OGLER, F. Wieshulebe neuer Versuche iiber die Druckverteilung im Baugrunde. 


(Verhandlungen des 2. Internationalen Kongresses fiir Technische Mechanik 
1926, p. 342-346.) Gives results of experiments with sand. 


Cc. G, for Substructures of Small Bridges. 1918. (Engineering and 


vay Jontracting, v. 49, p. 78.) Abstract of paper presented before Oklahoma Society of 
Engineers, pointing out necessity of making careful soundings. “ne 


ANE, E. W., and CHANDLER, E. L. Measuring Upward Pressure Under a Masonry — 
Dan. ill. 1920. (Hngineering News-Record, v. 84, p. 1014-10145.) See, alsvu, 


Editorial, “Up-Stream Blankets for Dams,” p. 987. Describes tests made’ on Island 
ror Park Dam, Dayton, Ohio, to determine extent of upward pressure under structures 
by porous foundations, a and to a more reliable basis 


E. L. Tests ot: on Shale. 5 4915. 
me _ (Engineering News, 74, p. 156-158.) See, also, Editorial, “Shale as Dam 

Foundation, ae 225. of the value of coefficient of frictional 
Pe a sliding of concrete blocks on shale, shale on shale, and concrete cast on shale. 
- - Made on shale foundation of State Line Dam of Hydro- ‘Electric Co. of West Virginia. 


-McCULLOUGH, ©. B. Highway Bridge ‘Surveys. 76 p. 1928. (U. 


S.—Department of 
Agriculture, Technical Bulletin 55.) 


Describes methods and apparatus used 
_ ascertaining foundation conditions by sounding-rods, soil augers, was ra churn- 
Grills, core samples, test pits, bearing-power tests, and test piles, 20-6D,. 


—Condensed. 1928. (Roads and Streets, v. 68, p. 385-391.) 


McGRATH, R. P. Diamond Drilling Under Difficulties. 5 ill. 1908. K (Engi ri 
~ Contracting, v. 61, p. 95-99.) From Mine and Quarry, November, 1923. Describes | 


ingenious methods on three Western jobs for making test borings to determine loca- 


cNARY, J. V. Earth Pressure Against Abutment Walls Measured with Soil ay 
— Cells by the Division of Tests, U. S, Bureau of Public Roads. 8 ill. 1925. (Public 
r Roads, v. 6, p. 102-106.) See, also, Editorial, “Construction of Retaining Walls, Pp. 
281-282. Concludes that pressure of. “earth against a retaining Wall should. 
under ordinary conditions, be assumed to be at least that developed © by a fluid 
the weighing 30 1b. per cu. ft. Tests indicate that drainage of soil behind wall is of 
3 


MANSFIELD, MYRON -G Sand BEmbankment Dam at. Chicopee, Mass. 
41, 1927, (Journal, New England Water Works Association, v. 41, p. 244- 260.) 


Gives briefly ‘properties of embankment materials: and outlines 


a ar 


Condensed. 10 ill. 1927. (Water Works, v. 6 66, 447- 1-453.) 


“MEAD, HAROLD W. Methods of ing Foundation Borings for Dam Sites. | 
boo gio, (Engineering and Contracting, v. 53, p. 667-668.) From Wisconsin Engineer. : 
| Deseribes some novel and ingenious methods and equipment used in tt isa ol sub- 
conditions at sites on Missouri River in South Dakota. 


‘MEASURING UPWARD ‘PRESSURE UNDER ISLAND PARK DAM, DAYTON. 3 ill. 
(Miami Conservancy Bulletin, v. 2, p. 187-189.) — Describes investigations: to me 

determine graiiient of Seepage water through’ under dam. 
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UDDLETON, HOWARD Factors— the Binding Power of Soil Colloids. 
ee@ 1924. (Journal of Agricultural Research, v. 28, p. 499-513.) Includes nine sean 7 
references, Tests the binding power of soil colloids by determining the breaking 

_. strength of briquets moulded from soils under definitely established conditions. a 
MILLER, MAX. Tests Show Earth Pressures One-Half Hydrostatic. 1 ill. | 1916. ead a 
(Bngineering News, v. 75, p. 1138.) These are slightly varying abstracts from Public 


a —-Bervice Record, April, 1916, giving measurements of earth pressure against tresch, 


in subway construction worn at Flatbush Avenue, Brooklyn. 


MILLER, ROY by the Hy araulic Method. 1927. 
—- Soe. C. E., v. 92 (1928), p. 1413-1419.) Discussion, p. 1420-1422. Discusses use of 
aa Wee laboratory’ tests of soil samples in estimating. Deals with properties of soils and a 
system of tests which would serve as a basis for predicting how a particular earth 
would behave in hydraulic dredging. The aes reprint consists of an 
extract from a report of I. Laucks to the author’s 4, 


—Enlarged. ill, 1926. (Engineering and Contracting, v p. 149-155.) 


MOLLER, Enkele proeven voor bepaling van den van bouwstoffen op 
bodem, bij den bouw van de Rynbrug Keulen-Miilheim. 1927. (De Ingenieur, 
42, p. 1082.) Abstract from Der Bauingenieur, September 17, 1927. 


DANIEL E. Experimental Loading on Granular Material. 2 ill. 
TH (Journal of the Franklin Institute, v. 199, p. 493-501.) Deals with the amount and 
direction of the movement of sand, supported on a bed.of sand, when subjected to — 


MORSCH, E. Die Berechnung der Winkelstiitzmauern. 42 ill. 1925._ (Beton und Bisen, 

8 v. 24, p. 327-339.) Detailed treatment of pressure conditions behind wall. Describes — 
ae experiments, using sand, on the determination of the sliding wedges, ‘the action - an 


PARSONS, de B. Uplift in Pervious Soils. 6 ill. 
“Soe. E., v. 93 (1929), p. 1813-1332.) Discussion, 6 ill., p. 
: Describes apparatus used and gives results of 218 tests made ‘during an investigation re 
of the hydrostatic uplift on the base of a structure, founded on a pervious soil, when © 
there is no loss of head due to velocity of flow. Used sand, gravel, and clay as soil 
materials. _ Conducted tests with both high and low hydrostatic heads. 


PAUL, CHARLES H. Core Studies in the Hydraulic-Fill Dams of the Miami Conserv- 
ancy District. 11 ill, 1922. 138 Am, Soe. C. E., v. LXXXV (1922), p. 
AM 1181-1202.) Discussion, 2 ill., p. 1203-1236. Describes tests of horizontal and 
vertical pressures made with the Goldbeck cell for the purpose of the con- = 
q Solidation and stability of hydraulic-fill cores. 


——Translated.. Ungenierta Internacional, v. p. 319-327.) ‘See, also, ‘Rditorial, 

———Condensed. 1922, (Engineering oad Contracting, v. 57, p. . 853- 357.) i 


POPE, C. S. Soil Tests. 1926. (Roads and Streets, v. 65, p. 74.) From. California 
_ Highways. Describes methods for the field determination of moisture equivalent and — 


PRESSURE CELLS IN CONSERVANCY DAM CORES. | 3 ill. 1920. (Miami Conserv- 

ancy Bulletin, p. 188-143.) See, also, p. 45- -46, and Bditorial, p. 115-116. 
Goldbeck earth- -pressure cells used to measure pressures in hydraulic- fill cores 
purpose of studying state of consolidation. Measurements made at Germantown Dam 
are given. Horizontal pressure remained constant below a depth of 25 
—Abstract. 1920. ~ (Canadian Engineer, v. 39, p. 207- 208. - 


Abstract. 1920. 4 (Engineering and Contracting, v p. 674- 675. 
——Abstract. 1920. (Public Works, v. 48, p. 553-555.) 


ROSE, A, C. ‘Fela Methods Used in Subgrade Surveys by the U. ee of Public — 
~ Roads on the Pacific Highway, Washington. 4 ill. | 1925. (Public Roads, v. 6, p. 
oh 115-115.) See, also, “Change in Soil Testing Methods Contemplated, ” >, 116 
| fs &. Bureau of Soils surveys proved valuable. Soils were tested for their moisture i 


_ ROSE, A. ©. Practical Feld Tests for Subgrade ‘Soils; Suggested “Methods ‘bor. Measur- 
ah ing the Character of Highway Subgrades. 12 ill. 1924. (Public Roads, v. 5, no. 6, 

10-15.) Deals with of moisture equivalent and linear ‘shrinkage, 
of soils, and other findings of subgrade studies. ott 


YBORN, JAMES F. Exploratory Boring Needed as Guide to Design and Construc- 
tion of Public Works. 6 ill. 1922. (Engineering News-Record, v. 88, p. 1024-1028.) | 
Points out how subsurface surveys save money and prevent mistakes ; ; describes three | 

particular cases furnishing good examples of best practice + 


methods, drill-rig types, and preservation of records, 


SCHICK, H. 8. Field Check on Formulas for Barth Pressure. 3 ill. 1922. (Engineer 
News. Record, v. 88, p. 994-995; v. 89, p. 33.) See, also, letter by M. ‘Hirschthal 
oy 2 ill., v. 89, p. 247. _ Pressure on vertical steel sheet-piling under a 24-ft. depth of 
a submerged bank was measured by observing deflections of coffer-dam wales, during 
construction of Ohio River Dam No. 23 Drainage under eum reduced — 

about 16% of total theoretical. 


AGE, AND SWELL OF MATERIALS IN RAILWAY FILLS. 1 Mm. 1920, 
+g (Engineering News-Record, v. 85, p. 418-419.) Abstract of Sub-Committee report, 
oe Railroad Presidents’ “Conference Committee on Federal Valuation. Gives results, 
covering many rock and earth materials, obtained from mengusement, 
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«STAUFFER, LYNN H. * ‘Measurement of Physical Characteristics of Soils. 3 4 ill, 1927. 


ON BEARING VALUE OF SOILS 


‘SIMPSON, WILLIAM. Foundations; the Examination and Testing of the Ground Pre- | 


"liminary to the Construction of Works; Methods and Appliances. _ 256 p. 1928. 
Constable. (Glasgow Textbooks of Civil’ Engineering.) “Bibliography,” p. 248- 
‘Detailed treatment, greater portion of the work being devoted to vachoun. kinds of 
ae borings. Chapter VIII, “Testing Ground for Bearing and Compression,” p. 207-247. 


“sor. BORINGS AND BEARING TESTS. 1917. (Concrete, v. 10, p. 200-201.) Part of ‘4 

series entitled, ‘“‘Letters of a General Superintendent of Concrete Construction to His 

on, a Young Structural Engineer.” Describes methods of making soil surveys for r: 
foundations, and determination of bearing capacity. 

SP ANGLER, G., MASON, CLYDE, ona “WINFREY, ROBLEY. Experimental 

4 -minations of Static and Impact Loads Transmitted to Culverts. 80 p. 1926. a 


> 8 State College, Engineering Experiment Station, Bulletin — 79.) ne Se in 


_——Abstract. 1927 (Public Roads, v. 8, p.-113-119.) 
SPANGLER, M. on the Supporting Strength of Culvert 


1926. (Iowa State College, Engineering» 
Gives coefficient of of embank- 


determined by earth- cells , Dp. 18-21. 
Rankine’s formula for computing active horizontal pressure in masses of 
Abstract. 1926. (Canadian Engineer, v. 51, p. 135.) See, also, letter by L. i. { 


STANIFORD, CHARLES Ww. Unusual Coffer- Dam for 1000- Foot Pier, New York City. | 
Pee 25 ill., 1 pl. 1917. (Transactions, Am. Soc. C. E., v. LXXXI (1917), ‘Dp. 498-542.) 
a ey Discussion, 20 ill, p. 543-581. Coffer-dam is a cellular steel sheet-pile structure, 

we having the cellular spaces filled with earth and clay to form the water-seal, and held 1 i 

. against the external pressure by an embankment of rip-rap or broken rock. Describes 

tests on a model embankment of rip-rap, to determine the extent of the distortion | 

<4 - which would take place in such an embankment under pressure and its ultimate 

Ho resistance, p. 506-517. 


a 
Science, v. 24, p. 873-379.) methods measuring cohesion, 
STRAHAN, C. M. Sand- Clay and ‘Semi- Gravel | Roads Studied; Progress Report of 
poe Cooperative Research on Selected Roads in Georgia. 1924. “(Public Roads, v. 5, no. — 

i 8, p. 16-19.) Abstract of report by the Director of Research, State Highway Depart- 
tsi ment of Georgia. Includes various tests for the study of soils, such as tensile, = ; 
shear, transverse load, dye-adsorption, and penetration tests. 


IN HYDRAULIC DAM CORES. + 7 ill. 1919. ‘¢agelicereng 
News- Record, v. 83, 1040-1044.) See, also, Editorials, “Promising Work on a Soil 
. Problem,” p. 1037- 1038, and “Dam Cores and Exnerience,” p. 1038, and letter by | 
oe Oe ‘Dow, v. 84, p. 585. Describes methods used by engineers of the Miami Con- © 
servancy District to obtain data on core consolidation. Made ball soundings and > 
measured horizontal and vertical pressures with Goldbeck earth- -pressure cells. Gives 


 SUQUET. Pression Exercée par les Terres sur les Vofites des Southerrains. 3 in. 1927. 
Annales des Ponts et Chaussées, pt. 1, 1927, v. 2, p. 191-198.) Describes apparatus 
and gives results: of measurements made during construc tion of Paris: Subway. 
- —Abstract ‘Translation. 1928. (De . 48, B. 47.) 

Abstract. 1928. (Le Génie Otel. vi 02; pi: 


SUQUET. Pression ‘Exercée par les Terres sur les Vofites des Souterrains; Note Com- | 
plémentaire. 4 ill. 1928. (Annales des et Chaussées, pt. 1, 1928, v. 2, p. 179- 


‘TERZAGHI, CHARLES. Determination of Consistency of Soils by Means of Penetra- 
tion Tests. ay 8 "1927. (Public Roads, v. 7, p. 240-247.) Describes various ex- 
periments and discusses related attempts to measure consistency, ultimate purpose 
being the possibility of expressing the bearing properties of a soil by a consistency 
had coefficient. At present, most promising index of consistency consists in measuring 
= eube strength directly, by a simple, unconfined compression test, and to Rennes th 
yield point of the cube as a measure of the consistency. 


TERZAGHI, OHARLFES. Old Earth- Pressure Theories and ‘New Test. 10 
1920. "(Engineering News-Record, v. 85, p. 632-687.) See, also, Editorial, p. 630- 4 


7 681. Laboratory investigation of pressure in granular masses, made with sand and 

a beans: . Discusses errors of old theories which were due to faulty assumption ; ong i 

_ experimental methods: and deals with lateral pressure ratio, slip phenomena, and > 
relation to density. One of the conclusions is that earth pressnre against a per- 

fectly rigid wall is fairly independent of the density of the back-filling, 

- TERZAGHI, CHARLES. Simplified Soil Tests e Subgrades and Their Physical Signifi 

'eance. 15 ill. 1926. (Public Roads. v. 7, p. 153-162, 170.) Explains the physical 

- meaning of the most important simplified ‘soil tests and evaluates both their possi- 

ESTS OF “WATER PRESSURES ‘UNDER BRULE RIVER DAM. 4 ill. 1926. (Engi 


“neering News-Record, v. 96, 274- 275.) Bee, also, Editorial, “Rield Research,” 


266. Gives measurements of upward foundations of nea 
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August, 1931 ON BEARING VALUE OF SOILS 
TRAUTWINE, JOHN ©O., $d. Soundings Through Water and ud. 1 ¥ “ 

(Canadian  Bagineer, v. 89, p. 221-222.) From Cornell Civil Engineer. Describes 
hss method used in the investigation of the safety of the roof over the workings of a Eas 
running out under a lake near State of New York and 
‘UNITED STATES—BUREAU OF PUBLIC. ROADS. “Report of a “Study of the Cal 
--—- fornia Highway System by the United States Bureau of Public Roads to the Cali- 
fornia Highway Commission and Highway Engineer. 171 p. 1922. Discusses 
¢lassification, moisture determinations, moisture equivalent determinations, 
4 tests, and bearing power of subgrade soils, presenting results of several tests, 69-78 ; 
and gives selected _ typical cross-sections showing lines moisture "eontent, 


wi NTERMEYER, A. M. Adaptation | of Plasticity Tests for Subgrade Soils. 
il, «©1926. (Public Roads, v. 7, p. 119-122.) Describes the Bives a 
‘results, and discusses the meaning of the plastic range. 


WINTRRMEYER, A. M. Percentage | of Water Freezable in Soils. 2 ill. 1925, 
v. 5, no. 5-8.) Methods and results of tests. 


BRAUNE, M., and FELD, JACOB. ‘Large Apparatus for of 

Pressures. 1921. (Engineering News-Record, v. 87, p. 314-316.) Gives 

details of apparatus installed at University of Cincinnati for measuring 
against 6-ft. retaining wall. Test with sand gives satisfactory check on theory. oar ez 


+1921. (Good Roads, v. 61, n s., v. 22, p. 152,154.) 
—1921. (Municipal and County Engineering, v. 61, p. 64 , 66.) 


-CLEMMER, H. F. Subgrade Testing Apparatus Used by Illinois Highway Department, : 

. 2ill. 1921. (Good Roads, v. 60, n. s., v. 21, p. 181-182.) Describes cylinders developed ay 

studying subgrade movement, moisture content, and bearing power. 


(Municipal and County Engineering, v. 60, p. 91-92.) 


Condensed and. Re-Arranged. 1921.. (Engineering News-Record, v. 86, p. 1116.) in et 


FRANZIUS, OTTO. Testing Soil Pressure, Resistance, Friction, ete. 1 ill. 1928, 
WEE (Mechanical Engineering, v. 50, p. 556.) Abstract from Der Bauingenieur, v. 9, 1928, 
tie no. 7-8. Describes rather large-scale apparatus for soil investigations installed at the 
A. T. _ Soil Pressure Cell Measures Accurately to .Tenth of Pound. 6 ill. 
1920. Roads, v. 3, no. 28, p. 3-6.) Describes the instrument davaloved by 

_ the author and his colleagues for the measurement of pressures transmitted hated = 
granular materials, and tests confirming its accuracy, 
HOGENTOGLER, Cc. A _ Apparatus Used in Highway Research Produets [sie] in the 
- United States. “91 p 1923. - (Bulletin, National Research Council, no. 35, v. 6,— 

pt. 4.) Describes ona illustrates apparatus. used in subgrade investigations, 

7, iat ing determination of bearing power, p. 23-35; that used in testing properties of wee- ee 


also, letter by 

Dp. 909. advintages of. rod Véoundings and gives of sound- 


‘KLEIN, F. L. Rig, for, Bridg 


MERIWETHER, N. Borings Bridge Piers Made with Well “Drill. 
Machine. 1 if. 1922. (Engineering and Oontracting, v. 58, p. 221-222.) 
Gives details of rig and method of operation to determine if any caverns existed in 
at site of Cumberland River Bridge above Clarksville, Tenn. 
_ SALSBURY, ANNIS. Reading the Secrets of the Earth. 1 ill. 1916. (Scientific Ameri 
can, Vv. n. v. 115, p. of eart 


= 
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e Site Borings. 1 ill. 1925. (Engineering and Con. 
From New Mevico Highway Journal. Describes truck- _ 
ng | LIGHT BORING AND PROSPECTING ROD. 8 ill. 1926. (Hngineering, v. 121, p. 724- 
he 25.) Describes apparatus designed by F. H. Mackintosh for studying subsoil. 
30- 

bes 
ind 
er- 

198.) From the North Carolina Highway Bulletin, July 1922. Describes a wash 

boring outfit for determining the character of foundation soils. 

SEELYE, ELWYN E. Soil Loading Test Platforr 

 (Hngineering News-Record, v. 98, v. 785-786.) 


‘ 


SHAW, ARTHUR M. Soil-Sampling Tools. 1 ill. 1915. News, 


74, p. 1228.) Describes soil auger for taking semples 


"som, SAMPLER “4 ill. 1917. "(Engineering and Contracting, v. 48, p. 421. Very brief 
_ description of an arrangement designed by R. R. Ryan for obtaining bore samples. 


aes ‘SPECIAL | APPARATUS FOR SOIL SAMPLING. 2 ill. 1924. (Engineering and Con- 
_- tracting, v. 61, p. 1245.) Brief description of apparatus designed by A, M. Blamphin 
a for obtaining subsoil samples. Made of small pipe and has a short, practically water- 


STERN, OTTOKAR. La Détermination de la Résistance a la Compression des Terrains © 

de Fondation. 2 ill. 1925. (Le Génie Civil, v. 85, p. 643.) Abstract from 

avd Schweizerische Bauzeitung, April 18, 1925,- describing a portable apparatus for deter- 
mining permissible loading. Method involves use of a pressure cone. 


TESTING BEARING POWER OF SOIL. 1 ill. 1926. (Building National 

E Builder, v. 48, no. 3, p. 160.) Brief description of apparatus used for testing founda- 
YRETLIND, PAUL. Méthode Américaine pour Mesurér Directement la Poussée des 
Terres. ill. 1919. (Annales des Ponts et Chaussées, pt. 1, ser. 9, v. 49, p. 254- 
255.) =Abstract from Teknisk Tidskrift, February 8, 1919. Describes the Goldbeck cell, 
sre! and its use for pressures in sent to 4 

Works, v. 51, p. 185-186.) See, also, Editorial “Settlement of Structures,” 
saya:  p. 183-184, “Questionnaire and blank form for recording data of soil loading tests 
‘excerpts from a circular letter issued the of 
Civil Engineers by the Soils Committee. aserres 


BEARING TEST ON ‘CONFINED WET SAND. 1 ill. 4917. (Engineering ‘News, 
. 481.) See, also, p. 508-509. Describes loading test made at site of new boiler: — 
ouse and coal- -storage plant of Co., New show 


8B BELASTUNGSPROBEN ZUR KL ARUNG DES _EINFLUSSES DER EL! TIZITAT ES 


-Bodens auf die Berechnung eines Schleusenbodens. 2 ill 1925. 
- Bautechnik, v. 3, p. 411-413.) Deals with tests made by C. Wolterbeck at Ymuiden, and 
; erry reported by him in Rapporten en Mededeelingen van den Rijkswaterstaat, no. 20. 
BELL, ARTHUR LANGTRY. Bearing Power of Soils. 1921. _ (Ragticeting, v. 112, 
2 ae 132.) Discussion, p. 123. Paper presented before the Engineering Conference ot 
ee the Institution of Civii Engineers, 1921. Brief outline of progress in theories and 
ies investigation of earth pressure and bearing power of soils for foundations. | 


BIJLS, ALFRED. Essais de Résistance et d’Elasticité du Terrain de Fondation de la 
"Nouvelle Ecluse Maritime d’Ymuiden (Hollande). 3 ill, 1923. (Le Génie Civil, v. ¥ 
+82, p. 490-492.) Review of a report by C. Wolterbeek published in Rapporten en > 
+f? Mededeelingen van den Rijkswaterstaat, no. 20. Describes methods and gives results 
of tests. These indicate that the elastic compression of a loaded area is propor- _ 
- tional to the square root of the area. | Discusses application of the theory to several — 
—Abstract Translation. 1923. (Engineering News-Record, v. 90, 


a BRUNS, H. F. Reinforced Concrete, Three- Span, Arch Bridge, Naval Training Station, 
Great Lakes. 3 ill., 3 pl. 1927. (Public Works of the Navy, Bulletin 36, p. 58- 74.) 
 -‘Deseribes bearing value and indentation tests of subsoil, p: 64-65. "Considers founda- 


ALDENIUS, CARL C: ih, ‘Bidrag till kinnedomen om relationen mellan mark- 
beskaffenhet och markbirighet, sadan den registreras genom hallfasthetstalsbestim- 
ningar och bankbelastningar. 42 p. 1925. Tisell, Stockholm. (Ingeniérsvetenskap- 

“a8 sakademien. _ Handlingar, no. 42.) English summary, p. 26-28. Investigation of the 
relation between the character and bearing value of clay soils. Based upon and 

s the methods devised by the Geotechnical ‘Committee of Royal 


-CAROTHERS, s. D. Foundation Test Roads as “Affected by Seale. 1924. (Canadian 
ra Engineer, v. 47, 439-442.) From a paper presented before the Engineering Section, 
International iitiesntionl Congress, Toronto, August 13, 1924. Considers stresses 
in earth foundation due to surface load and to weight of the earth, assuming earth 
as an elastic solid. Some of the conclusions are that the narrower the strip the | 
_ greater the unit resistance, if stress on horizontal planes is greater than that on 
- vertical planes; if stresses are equal at all points on both planes, then — — of 
strip should give Same unit resistance, with uniform ground. = = = — | 


1925. (Engineering and Contracting, v. 64, p. 939-945.) 


CHAMBERS, RALPH H. Rules for Foundations on | Found Unsatisfactory. 
r 


~ 1928. (Engineering News-Record, v. 100, p. 520-521.) cism, based on cited tests 
and experiences, of rules for bearing capacity such soils, C 
Terzaghi in an. Soc. C. E., v. (1928), D. 270-801. 
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cuMMINes, ROBERT Pressure Thereon. 
que (Proceedings, Second Pan American Scientific Congress, v. 6, p. 432-443). See, also, 
“Foundation Practice and Study. of Soil Properties,” Engineering "News, 
“ai 181-132.) Review of bearing capacity, properties, and classification of 
soils, \ ita out the imperfect state of knowledge relating to these and the need 4 
of a thorough investigation of the physics of soils from an engineering point of view. 


D'ESPOSITO, J. Foundation Tests by Chicago Union Station Company. 9 ill. 1924. 
gah Journal, Western Soc. of Engrs., v. 29, Technical Papers, p. 33- | See, also, 
- q 5. ditorial, “A. Public Service,” p. 554. Describes load tests made on full-sized ase 
a pottom concrete pier, and straight concrete pier resting on hardpan, and test of — 
, ‘surface friction, giving results. Load was transmitted by means of a hydraulic jack. — 

Pat - Concludes that allowable pressure on average hardpan could be increased to 8 to 10 
tons per sq. ft. nee risk. Much of this mae appears in Engineering News-Record 

——Abstract.. 1922. (American Architest and the Architectural ‘Review, v. 121, 447 

Abstract. 1922. (Railway Age, v. 72, p. 561-562). 

DIFFICULT CHIMNEY FOUNDATION TESTED AFTER COMPLETION. | 
wer nay _ (Engineering News, v. 75, p. 1138-1139.) Describes load test made on new eulaall 
_ foundation at Pumping Station, Pittsburgh, Pa. 


E MPERGER, FRITZ. Die Zulissige Belastung des Baugrundes. 15 ill. 1926, (Di 
ea Bautechnik, v. 4, p. 226-228, 404-406.) | Describes investigations made on loam in 
Vienna by a committee of the Osterreichischer Ingenieur und Architekten- iiwaael 
Used different forms of test apparatus of varied bearing areas, 
FL EMING, R. Uniform Pressure on Building Foundation Beds. 1920, (Engineering 
 - Newe- Record, v. 85, p. 219-223.) , Review of practice and code provisions, | with | 
numerical . comparisons for typical office buildings, followed by a ‘recommended _ 
OUNDATION TESTS FOR NEBRASKA STATE CAPITOL. 9 (Engineering 
_ News-Record, v. 89, p. 606-609.) Describes methods and gives results of Aoading a 


tests on small and large test areas of sandstone and loess clay. nant"). sabis 


FOUNDATION TESTS FOR THE NEW CHICAGO UNION STATION. 3 ill 1 
_ (Ratlway Review, v. 70, p. 225- 226.) _ _ Brief description of the method of testing. 


FOWLER, CHARLES EVAN. Selecting the Foundation Types. 4 ill. 4921. 

aa neering and Contracting, v. 55, p. 248-251.) Reviews the various factors entering into — 
the design of bridge foundations. Pays considerable attention to characteristics of 
soils, with special reference to bearing capacity, and includes a table giving founda- B 
pressures for a number of important structures. 


FRANCKE, A. Die Tragkraft des Zusammenhaltes der Erde. 10 ill, 1914. (Organ 
fiir die Fortschritte des Eisenbahnw esens in Technischer ve 68, n. 8. 


GAULT, J. Method of Testing Bearing Capacity of Rock at Dam Site. 1 ill. 1920. 
. ey (Engineerin and Contracting, v. 54, p. 495). Author’s name given as Gavit, H. J. 
_ From the Reclamation Record, August, 1920. Describes leverage loading apparat s 
used, and gives results of “tests at site for Iron” Canyon Dam on the Sacramento 


GAVIT, H. J. See GAULT, H. 
GIBSON, JAMES E. Charleston’s Two Million Gallon Elevated “Tank. 1 1927 
4 (Journal New England Water Works Association, v. 41, p. 277-282.) Discussion 

te ie p. 283-284. Gives results of tests of bearing value of foundation soil and measu 

ments of settlement caused by filing tank at Charleston, S. C., p. 278-279 a 
GIBSON, JAMES E. Large Elevated Storage Tank at Charleston, S. C. 1927. (Journal, 
# a American Water Works Association, v. 17, p. 291-295.) Gives results of tests to 
__ determine bearing value of foundation soil and settlement caused by filling, p. 292-294. 


OLDBECK, ‘A. and BUSSARD, J. Supporting Value of Soil as Influenced by 
- the Bearing ‘Area. 9 ill. (Public Roads, v. 5, no. 11, p. 1-4, 8.) . Experiments rs 
on various soils indicate that when a constant ‘unit load is applied to a soil over e 
different areas, the depth of penetration is directly proportional to the Square root | 
the area over is applied. Describes methods and gives results. 

scusses permanent and elastic compression. 
1925. (Engineering and Contracting, v. 63, p. 680-685.) 
i HACKSTROH, P. A. M. Draagvermogen van grondlagen, bestaande uit zand of eS aaa 

_ korrelig materiaal. 3 ill. 1927. (De Ingenieur, v. 42, p. 879-883.) Deals especially Le 


j HACKSTROH, P. A. M. Invloed van het grondwater op het draa vermogen van zand 
dijken en 2 ill. Ingenieur, v. 35, Pp. 05-608.) ; ; -Digcussion, 


HACKSTROH, P. A. M. - Stellingen de gake den invloed van water op het draagvermogen 
Wan gestort zand. 1919. (De Ingenieur, v. 34, p. 813-816, 832.) Contains 21 
veferences in Dutch. Presents observations on various factors influencing the settle- 
ment of sand foundations, with particular reference to the effect of water. 


-Abstract Translation. 1920. (Le Génie v. 76, p. ATT -478.) 
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BIBLIOGRAPHY ON BEARING VALUE Bibliographies 


HARRISON, Notes. on Highway Desig 1918. (Bngtnecring and Con 
tracting, v. 50, p. 4-5.) Hi away engineers assume too much with regard <0 sup: 
S48 as ot porting power of subgrade soils. Pavement failures are often due to overload. ae 


HOUSES AND PAVEMENT ON FILLS IN SEATTLE. 1925. 

art News-Record, v. 95, p. 11.) Quotés from statement by C. L. Murray that residences 
a and street pavements built on fills made from pay refuse have not shown evidences _ 


_-ITERSON, F. K, TH. van. 
ETERSON, F. K, TH. van, Résistance du Terrain a la Charge des Constructions; 
ae Théorie des Fondations. 17 ill. 1928. (Mémoires et Compte Kendyu des Travaux de 


Société des Ingénieurs Civils de France, 1928 312-340.) Similar to preceding 


KAYSER. Belastungsversuche fiir die Tragfihigkeit von Pfeilerbauten in Sandboden. 
Pee 2 ill, 1924. (Die Bautechnik, v. 2, p. 670-671.) Describes tests preliminary to the 
: building of a bridge in Posen. Settlement was not proportional to' the load. Time | 


“a KONINKLIJK INSTITUUT VAN INGENIEURBS, Commissie inzake het onderzoek van 4 
ea het draagvermogen van bouwgrond. 1921. (De Ingenieur, v. 36, p. 163-165.) Dis-— 
cussion, p. 229-230. Includes on the and bearing value of 


OAD TESTS OF FOUNDATION ‘SOIL IN THE PHILIPPINES. “1916. (Bagineering 
News, v. 75, p. 232.) Abstract from Quarterly Pete oF, the Bureau of. Public 
- Works, dealing with test made at Mainit, Leyte Province. = 


“LOAD. TESTS OF PIERS) FOR. CHICAGO NEW UNION “STATION. 1922. 
i cea _ (Engineering News-Record, v. 88, p. 822-824.) See, also, letter by Jacob Feld, p. 
Describes foundation load tests and tests of skin. friction in clay, giving 
. Jacking load of 87% nD Eapc sq. ” ft, gave little compression of hardpan. 
Much of this article appears: in “Foundation ‘Tests by. Union 


MATTERS, LEONARD. Builder's Paradise; Ground That Cuts ‘Like Cheese and Needs | 
no Shoring or Piling. 1 ill. 1923. — (Scientific American, v. 142, n. 8., Vv. 128, p. 40.) 
Soil at site of building of First National Bank of Boston in Buenos Aires is a very. 
hard-packed pug and has a bearing value of 6 to 7 toms per sq. ft. 


NATIONAL RESEARCH COUNCIL. —ADVISORY BOARD ON HIGHWAY RESEARCH. 
Proceedings of the Second Meeting. 89 p. 1923. (Bulletin, National 


> 


Council, no. 32, v. 6, og Report of Committee on Structural Design of Roads, 
“hand discussion, 39-4 bring out ‘importance of bearing value of subgrade 


LDER, CLIFFORD. Highway Research in Illinois. 26 ill. 1924, (Transactions, Am. 
C. v. LXXXVII (1924), p.. 1180-1222.) Discussion, p. 1223-1224. Describes 
: oaeaaia carried out on the Bates test road, | “Considers drainage of subgrade 
gpoils, and effect of repeated bearing loads on ‘soils, 1199-1202. Clay soils investi. 

gated do not exhibit sufficiently uniform elastic properties to justify an assumption > 
of elastic subgrade supporting power for use in a design formula. MG TTB 


OLDER, CLIFFORD. Results and Applications of the Bates Road Tests. we ill. 1924. 
Discussion, 


(Journal, Western Soc. of Engrs., v. 29, Technical Papers, ‘Pp. 225-238.) 
238- 240. Deals with bearing tests of subgrade soils and “With the 
* relationship ‘between the bearing power and repeated loads, p. 232- 234 ee 

OLDER, CLIFFORD. Support in Pavement Design. 4 ill. 1921, (Engineering 


aes News-Record, v. 85, p. 210-212.) See, also, letters, p. 693-694. Corners are weakest 
points in paved roads. Capillary seepage destroys supporting power of soil. 


OLDER, CLIFFORD, and CLEMMER, H. F. Preliminary Report’ on Bates 
~~ ‘mental Road. 8 ill, 1921. (Public Roads, v. 4, no. 5, p. 3-11, 22, 24.) Describes 
investigations carried out on Illinois road. Considerable attention to bearing power — 
of subgrade, behavior of soils when subject to repeated loads, Illinois subgrade testing 


7 


“RICHARDS, ARTHUR. Test. of Sandy Foundations ‘at ‘Arch Bridge Pier. ill... i910. 
" (Engineering News- Record, v. 88, p. 208-209.) See, also, letter by Hunle _ Abbott, p. 
4972. Aecount of: ‘foundation soil test made at one of the piers of the Broad Street 
_ Bridge, Columbus, Ohio, Settlement was measured by gauge at top of timber mast 
passing through completed concrete wane, stone blocks used load. 


‘SCHULTZE, JOACHIM.  Bodentragfihigkeit.. 1923. (Physikalische Berichte, v. 4, pt. 2, 
“a p. 1169-1170.) Abstract from Zeitschrift fiir Angewandte Mathematik und Mechanik 
8, no. 1, p. 19-34 (1923). Presents principles for the elucidation and —— 
onception of bearing capacity of soil. 
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August, oN BEARING VALUE OF SOILS 
SEELYE, ELWYN E. Determination the Bearing Power of Soils 
Bi Oaks ‘(American Architect, v. 183, p. 129-131.) Gives suggestions on classifying soils by 


mi id sanns of borings and test pits and comparing with safe bearing capacities as given in 
sol e New York City Building Code, and on conducting a load test, eg mo wttoG °c | 


OF SOILS UNDER LOADS. 1924. (Canadian Engineer, v. 47, p. 215.) 
Tests made in San Francisco on soil composed of alternate strata of sand and clay ih 
of different qualities, as standard the American 


SETTLEMENT OF TWO GRAIN ELEVATORS. 4 ill. 1915. (Engineering ‘News, v. 73 
4 p. 872-873.) Gives data on observed settlement of two reinforced concrete elevators an 


= “built on clay soil during filling of bins. One of the elevators was that - ' the Kansas- a. 


- SHELLARD, IVOR F. - Determining Bearing Power of Clay Soil. 2 ill. 1920, (Canadian 

~ Engineer v. 39, p. 553-554.) From the Journal of the Institution of Muncipal and 

- County Engineers, September 11, 1920. Describes tests carried out at Newport, Eng- 
land, giving details of apparatus and summary of results. 


¥ -——Abstract. 1920. (Teohnical Review, v. 7, p. 156-157.) 


‘SMITH, R. C. ‘Foundation Conditions in Chicago. 6 ill. 1928. (Journal, Western Soe. 

of "Engrs., v. 33, p. 70-86.) Discussion, p. 86-88. "Describes subsoil conditions in 
Chicago and vicinity as disclosed by numerous test borings and caissons. Discusses — 
some of the foundation problems due to the Saeerea conditions and deals s with t the cy 


_ bearing values of the different formations. a 


—1928. (Engineering and Contracting, v. 67, Dp. 897-406.) f 


BEARING AND SIZE OF FOOTING. 1925. (Canadian ‘Engineer, 48, 493.) 
_. _Hditorial commenting upon the papers" of Ss. D. Carothers, A. & Goldbeck, and M. J. 


(Engineering New: 
p. 652 Describes “apparatus used and ‘gives results of test of hard 


STANFORD, H. Pearl Harbor Dry Dock. 19° ill., pl. 1916. (Transactions, An. 
Bee. C. v. LXXX (1916), p. 223-294.) Discussion, 9 ill., 4 pl., p. 295-337. 
with difficulties and ‘involved in construction of dock Oahu, Hawaiian 
Yo - Islands. Describes geological conditions, p. 225 re , and borings, soil- Pree tests 
‘TAYLOR, ‘THOMAS. Bloor Street Viaduct, Toronto, Ontario. 17 ill. 1919, (Journal, 
Eng. Inst. of Canada, v. 2, p. 485-498.) _ ‘Describes exploration, 
- 486, and tests of the pearing power of shale, p. 487- 488. 


Condensed. 1919. (Engineering and Contracting, ve 112. ) Deals only 


‘TELLER, LESLIE W. Impact Tests on Concrete Pavement Slabs; Resistance of Various bad 
% Designs Determined by Bureau of Public Roads Experiments. "23 ill, 1924. date : 
Roads, v. 5, no. 2, p. 1-14.) Gives results of ‘soil- -bearing value tests, p. 10. ea 


‘TENTATIVE SPECIFICATIONS FOR ‘STEEL RAILWAY BRIDGE ‘SUPERSTRUC- 

af ture, 1923. _ (Transactions, Am. Soc. C. E., v. LXXXVI (1923), p. 532-605.) Abstracts 
discussions. Henry B. Seaman sug ggests. values for allowable pressure on soi 
and formulas for estimating supporting power of piles, p. 404. 


‘TERZAGHI, CHARLES. Bearing Capacity of Soil. 1928. (Engineering ‘News-Record, 
v. 100, p. 629-630.) Reply to R. H. Chambers’ article in Engineering News-Record, 
"Ve 100, p. 520-521. Emphasizes some points on bearing capacity of cohesionless and of 
cohesive materials, — rend author in Transactions, Am. Soc. C. E., v. 93, (1929), ~ 
“TESTING THE BEARING VALUE OF 1921, (Public 51, p. 186- -187 


‘TESTS ON FOUNDATION ‘PIERS WITH 1 000-TON JACK. 41 i. 1921. 
News-Record, v. 87, p. ~763- 764.) Describes method of testing bearing capacity of 
full-sized concrete 60 ft. deep at Chicago Union Station, to devermine safe 1 


Ww. Lake. ‘Beach Sand Has High Sustaining Value. 4 il, 
~ (Engineering: News-Record, v. 81, p. 370-371.) | _ Tests made near southern end of 
Lake Michigan show that maximum loading of 5 tons per sq. ft. is permissible. 


THOMPSON, J. T. Static Load Tests on Pavement Slabs. 14 ill. 1924. (Public ie 5 
v. 5, no. 9, p. 1-6.) Includes effect of nature of subgrade, with of 


, (Scientific 
1285, 880.) Brief description of load test of full-sized pier f the 


_ ‘VIEIRA, E. de MORAES. ‘Soil Resistance Due to Viscous Flow. 2 ill. 192 Bngine 
a ing News-Record, v. 98, p. 995-996.) Letter to the editor proposing a formula for 
settlement in terms of time, load, and load-resistance constant of the soil. Illustrates 
an apparatus to study effect of time factor, and gives curve for clay. ae os vee 


VIERENDEEL, A. Etude du Pouvoir Portant’ des Terrains Meubles. (Revue 

Universelle des_ Mines, ser. 7, v. 18, p. 248-249, 295-296.) _ Abstract from 

des Travaua, December, “1927, 623; January, 1928, p. 28-35. Presents theor 

ad) which differs from those used in practice, and gives examples of its ‘epcemmenn 
‘Includes table of bearing. Power of piles as calculated by various formulas 
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‘WARING, ROGER L., and MORRIS, CLYDE T. ‘?ireatitie Power or on Deep Caisson 

at “Foundations. 9 ill. 1926. "(Engineering News-Record, v. 96, p. 109-112.) See, also, 
“mt - letter by Walter W. Hall, p. 500. American Insurance Union Building, Columbus, — 

- Ohio, founded on hard clay 90 ft. below ground. Describes bearing and compression 


— Condensed translation. 1926. (Zeitschrift, Osterreichischen und Archi- 


Abstract translation. 1926. (Le Génie Civil, 229- part of ‘this 


ter Bepaling van de Grondelasticiteit. 2 ill. 
BY De p. 501. ) Describes apparatus used and gives results 


of bearing tests made ‘on Soil of lock at Mavi 
Bhs AMERICAN SOCIETY OF CIVIL ENGINEERS. Progress Report of the Special Com- a 
mittee to Codify Present Practice on the Bearing Value of Soils for Foundations. 
26 ill, 2 pl. 1920. (Proceedings, Am. Soc. C. E., August, 1920, Papers and Discus- 
sions, p. 905-941.) Presents a table of the allowed bearing capacity on soils at 
various cities as given in their building codes; description of a standard large ty 
_ of load-testing apparatus for soils; and discussion of causes of failure due to soils 
and of grain size. Appendix A, p. 915-941, “Revised Report of Sub-Committee i 
ts Soils, U. 8S. Bureau of Standards,” deals with the stress-strain relations of soils, and > 
ts of tests carried out with standard sands and » 


— 1920. (Engineering: ana Contracting, v. 54, p. 417-418. ) Deals only 


AMERICAN SOCIETY OF CIVIL ENGINEERS. — Progress Report of the ‘Special Com- ‘'$ 
mittee to Codify erly cage on the Bearing Value of Soils for Foundations. 
it ill. 1921. (Proceedings, Am. Soc. C. E., February, 1921, Papers and Discussions, 
— p. 9-81.) - Presents definitions of soils; study of the mineral composition of soils from ‘ 
a the agronomist’s point of view; simple procedure for ensuring uniformity of practice _ 
‘tl in regard to color of soils; revision of the proposed classification of soils; definitions e 
ae ef settlement, allowable load, displacement, bearing capacity, etc.; and descriptions of f 


| SOCIETY OF CIVIL ENGINEERS, | Progress Report of the ‘Special. Com- be 
ete. 14 ill, 


, D. 464; v. 53, p. 5.) This is abstract 


AMERICAN SOCIETY OF CIVIL ENGINEERS. Progress Report of ‘the Special Com- 
- ‘mittee to Codify Present Practice on the Bearing Value of Soils for Foundations, etc 
-_ 1923. _ (Proceedings, Am. Soc, C. E., October, 1923, Papers and Discussions, > 
_- 1732-1748.) Discussion, January, 1924, Papers and Discussions, p. 114-121. Contains | 
ia appendices: ‘Progress Report on 1922 Soils Investigation at Iowa State College,” 
an 1734-1738, dealing with compression, ‘shear, and tensile tests, and colloidal deter- — 
; and “Résumé of Work of the Sub-Committee on the Codifying of Present 
_ AMERICAN SOCIETY OF CIV IL ENGINEERS. Progress Report of the Special Com- > 
mittee to Codify Present Practice on _the Bearing Value of Soils for Foundations, | 
ete. 5 ill. 1925. (Proceedings, Am. Soc. C. E., May, 1925, Papers and Discussions, 
> 884-897.) Discussion, 2 ill., August, 1925, Papers and Discussions, p. 1208-1211. a 
as appendices: “Recent Investigations of Soil Colloids,” by Philip L, Gile, | 
8 a 886-8938 ; “Supporting Value of Soils as Influenced by the Bearing Area,”’ by at. 
: Goldbeck, Dp. 893-896 ; and “Report of Sub-Committee on Piling,” p. 896- 897. “Litera- ne 
ure Cited,” p. 892-893, contains 20 references on soil colloids. 


AMERICAN SOCIETY OF CIVIL ENGINEERS. Progress Report of the ‘Special Com- 
‘mittee to Codify Present Practice on the Bearing Value of Soils for Foundations, etc. Ce 
Sa (Proceedings, Am. Soc. C. E., April, 1926, Society Affairs, p. 311-316. he 
‘an Appendix 1, p. 313-315, ‘‘Physical Properties of Soils a Related to Colloidal Matter,” 


1925. 


with emphasis on their effect upon stability as ental differ material. 


‘BOUYOUCOS, | GEORGE JOHN. Phenomena of Contraction and Bxbansion of Soils When 
‘Wetted with Water. 1 ill. 1927. (Soil Science, v. 23, p. 119-126.) Describes pro- 
cedure and gives results of an investigation to ascertain the volume changes that 
ake when soils are wetted with water 
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BUREAU ¢ OF PUBLIC ROADS ‘BEGINS. HIGHWAY SUBGRADE STUDY. 1920. 
ee neering News-Record, v. 84, p. 1072-1073.) See, also, Editorial, “Road Subgrade A 
ohn Study,’ p. 10387- 1088. Memorandum from the Chief of the Bureau to district engi- 
- neers regarding selection of soil samples where roads fail, as an aid in atid 
_ bearing values. Includes blank for tabulating | road failure information. oa 


——Abstract, 1920. (Canadian Engineer, v. 89, p. 198.) 
- —Abstract. 1920. (Public Roads, v. 2, no. 24, p. 29 


_—Abstract. 1920. (Public Works, 49, p. 62.) 


_ BURTON, V. R. Road Builders Require New Soil Studies. ( 
News-Record, v. 100, p. 624-626.) See, also, Letter by Pp. 
Permeability, bearing value, compressibility, and similar tests are of slight value in 
design of pavement structures. | Supersaturation of frozen soil and colloidal content, 


BURTON, V. R. 
1926. (Public v. 7, Dp. 89, 92.) 


—1926. (Roads and Streets, v. 66, p. 101-102.) Spoiceig Ret, 
—Condensed. 1928. (Public Works, v. 57, p. 240-241.) 


HERBERT. Physiéal Properties of Clay- Mud. 2 ill, 1922. 
. Soe, of Engrs., 1922, p. 133-150.) Discussion: 1 ill., p. 174- 199. Deals with granula- 
tion, water content, mechanical properties, angle of friction, lateral pressure, and ve 
plasticity. Appendix is devoted to classification of soils by fineness, data on density 

_s mud and solid mineral, and formulas for economic nn of square piles" 


IMIENTOS Y RESISTENCIA DEL SUELO. 10 ill. 4921, 
00 ni p. 257-262, 342-344.) Reviews the work of the Soils Committee of the American ; , 
DISTRIBUTION OF CONCENTRATED LOADS BY EARTH FILLS. 1921, (Canadian 
Engimeer, v. 40, p. 446.) ‘Editorial reviewing ‘Tecent investigations conclusions: 


EARTH FOUNDATIONS AND SCIENCE. 1920. (Engineering News- v. 84, p. 213.) 
Editorial pointing out that foundation construction is an art and not a science, and DH 
the need for scientific research on foundation soils; = — | 


¥ WARDS, LLEWELLYN N. Design and Construction of Bridge Foundations. 5 ill. 
ae 1920. (Public Roads, v. 3, no. 31, p. 19-25.) Discusses the soils forming satisfac- — ue 
tory or unsatisfactory foundations, bearing power, importance of adequate soil sur- — 
veys, and bearing power of piles. 
1921. (Canadian Engineer, v. 40, p. 227- 282.) 


— Condensed and Re-Arranged. 1921. | (Engineering and Contracting, 

ENO, FRANK Importance of Drainage in Road Co 1921. 
and Contracting, v. 55, p. 546-549.) Paper presented at the Eighteenth Annual Con-— ie 
vention of the American Road Builders’ Association. Includes discussion of capillary 4 
Ms movement of soil moisture, effect of water on soils, and water retention by soils __ 


ENO, FRANK H._ ninaiaiates in Sub-Grade Soil Investigations. 4997. (Roads and Streets, 


vy. 67, p. 82-88.) Paper presented before American Road Builders’ Association, Jan 
ary 13, 1927. | ‘Summarizes progress made in laboratory research and in the field. | beer 
0, FRANK H. Soil Research in Ohio. 1926. (Municipal and County Engineering, 
a oe eS 10-11.) Outlines investigations on subgrade soils being conducted as a ga 
-bperative project between Ohio State Univ Ohio State Department, 
U. S. Bureau of Public Roads. ned 4 
i GIESECKE, F. E. Columns and Walls Lifted by Swelling Clay Under Floor. 4 ill. 1922 
* Bar (Engineering News-Record, v. 88, p. 192-193.) University Baptist Church, Austin, 
F is 'Tex., built in a dry wr was damaged when omy enclosed by foundation walls became 
GILKEY, H. Freezing Ground Acts Like Hydraulic Juck. 2 ill. (1917. (Engineering 
News-Record, v. 79, Pp. 860-361.) Describes heaving and settling back of piers 
¥ railroad bridge over city street and attempts to account for the action. ~~ “erie 


| GIVE SKIN FRICTION DATA ON SHAFT SINKING IN CHICAGO. 1916. (Engineering 


GOLDBECK, A. T. Design of Macadam Roads. 8 ill. (1927. 
_ Engineer, v. 52, p. 181-185.) Paper presented at Fifth Annual Aapalt Paving Con- 
ference,’ Washington, D. C., includes design of subgrade, dealing with distribution of 
load, soil influence of moisture, and improvement of bad ‘Subgrades. 


A. T. Design of Cement Concrete Pavements. 18 il 1925. (Concrete, 
sw, 27, no. 2, p. 26-28, 44-46; no. 3, p. 22-26; no. 4, p. 19-21.) _ Presented at Eleventh 
- Annual Conference on Highway Engineering, University of Michigan, February, 1925. 
As an introduction, deals with physical tests of subgrade materials and their —: 
cance, treatment of bad subgrades, and moisture in the subgrade. 
or 
Condensed. 1925, (Canadian Engineer, v. 49, p. 575-580, 595- 599.) 


(Good Roads, v. 68, p. 175- 180, 216-222, 232.) s 


> 
= 


| a 
r 
d 
ichjgan State 
= 
| 
ol 
‘ 
id 
al 
by 
q 
Py 
ins 
e,”” 4 
er- 
ent 
= 
ym- 
— 
‘ile, 
era- 
om- 
etc, 
16.) 
iblic 
that 


BIBLIOGRAPHY ON BEARING ‘VALUE OF SOILS Bibliographies 


201-206.) Journal of the National Crushed Stone Association. Discusses 
_ the distribution of wheel load pressures to the subgrade, characteristics of subgrade 


we 
os Condensed. 1926. (Engineering News-Record, v. 97, p. 221-223.) See, also, | 
torial, “Improved Macadam Roads,” p. 203- 204. 


1926. (Good Roads, Vv. - 69 380-382. ) 08 


—-s 


 eials. +s ‘Pays some attention to subgrade support and to investigations of soils. 


- GOLDBECK, A. T. Researches on the Structural Design of Highways by the United 

aa States Bureau of Public Roads. 26 ill. 1925. (Transactions, Am. Soc. C. E. v. 88, 

(1925), “p. 264-300.) Discussion, 1 ill., 301-305. Contains results obtained and cen- 
2 clusions drawn from investigations on the: subgrade, including physical tests of soils, 
bearing value, curative treatment, etc.; effect of nature of ‘subgrade on nerewee of +: 


GOLDBECK, A, What Highway Investigations Have Shown. 20 ill. 1925, 
ceedings, Engrs. Soc. of Western Pennsylvania, v. 41, p. 157-207.) _ Bibliography, p 
207, contains seven references. Discussion, ‘p. 208-220. Treats of the relation bf 

of soils to their stability in sone subgrades, of 


ia 
GOODMAN, “JOSEPH. Old Masonry Conduit ‘Reinforced to. Support Heavy Sand Fill. 
fy ~ 1927. (Engineering News-Record, v. 99, 313.)_ Sections of old 48-in. 
fron pipe, 1 in. in thickness, were found cracked. Concludes that sand fills of more — 


Gow, CHARLES R. Characteristics of Quicksand and Other Soils Met in Ordinary 
_ Excavation. 1924. (Journal, Boston Soc. of Civ. Engrs., v. 11, Papers and Discus- 4 
sions, Dp. 53-69. -)_ Discussion, p. 69-79. Refers especially to the soils of Eastern 
Massachusetts. Discusses water retention by clays and sands, subsidence, stability of 
arth slopes and caving of trench hanks. cause of quicksand, prevention of quickness 
Pees: in excavations, and bearing value of sands. States that true sand makes an excellent al 


GOW, CHARLES R. Quicksand—Its Nature, Behavior, and Methods of Control. 6 

1920. (Journal, New England Water Works Assoc., v. 34, p. 171-182.) Discussion, 

> an 182. Is a temporary condition of soil which censes to exist after a normal state 
a ground water has been restored. Includes discussion of foundations: on wet sand — 


and bearing value of such sand. = 


—1920. (Canadian Engineer, v. 39, D. 392- 395.) 

- ondensed. 1920. (Engineering and Contracting, 54, 389- 392 2, 560. ‘Ay 
Abstract. 1920. (Engineering News-Record, v. 85, p. 543. 

—Abstract. (Public ‘Works, v. 50, p. 98-100.) 


Gow, CHARLES R. in Foundation 1926. (Engineering and Con- 
Por _ tracting, v. 65, p. 6-8.) Paper presented before American Society of Civil Engineers, , 

ao Oe _ July 15, 1925, but not vublished by the Society. Outlines present status of the study _ 
‘foundation soils, with the investigations of Dr. Charles 


HARRISON, J. .' “Effect ‘of Soil Moisture on Highway Design. 1922, (Munictpat 
_ -- County Engineering, v. 62, p. 122-125.) Deals with manner of existence and behavior 
moisture in ‘Wubgrade soils, “Supporting power of subgrade, and of 


— 


11-18.) Discusses retention of water by clay soils, failure of drainage to i 


1919. (Bngineering « and 1 Contracting, v. 5 B2, p. 22-24.) 


HART, R. A.’ ‘Case of Tile Breakage. 2 ill. 1926. (Journal, Am. Ceramic 

—‘Soc., v. 9, p. 474-476.) Tile laid in trench slightly wider than outside diameter of — 

he tile, soil being a highly colloidal, extremely dry clay, was found broken ' several 
years later. Water percolating through the joints and saturating — the clay caused . ic 


expansion which | crushed the tile laterally. 


HATT, WILLIAM KENDRICK. ug Highway Deipettth: Projects in the United States; 

Results of Gensus by Advisory Board on Highway Research, Division of Engineering, 
National Research Council, in Co-Operation with the Bureau of Public Roads. U. S._ a 

Department of Agriculture. 103 p. 1922. (Bulletin, National Research Council, 


no. 21, v. hort accounts of research work on subgrade. solls various 


agencies, 


GOLDBECK, . af Design of Macadam Roads. 8 ill. 1926. (Roads and Streets, v. 66, 


J. L. and the Subgrade. ill. 4919. (Public. Roade, v. 12, 
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—Condensed. 1926. (Water Worke, v. 65, p. 344- 348. 
HOGENTOGLER, C. A, California Road Survey Demonstrates the Economic Possibili; 
ae ties of Subgrade Studies. 1927. (Public Roads, vy. 7, p. 248-249, 251.) Analysis of 
the relative effect of various types of subgrade soils on pavement 


VESTIGATE THE FOUNDATIONS MORE CAREFULLY. 1922. (Railway 
OHANNESSON, &., and ‘HEWETT, B. H. M. Notes on Tunnel Lining gee Soft Ground. 

1921. (Transactions, Am, Soc. C. E., v. LXXXIII (1919-20), 

Discussion, 19 ill., p. 1856- 1918. Attempts to determine causes ‘distortions and 
a ae displacements common to tunnel linings, and to suggest modifications of existing 
practice to avoid them. Includes consideration of determination of stresses due to 
ite earth pressures, and characteristics of Hudson River silt. Discussion brings out 
much on characteristics of soil, particularly silt, and earth pressures. 


SIMON. Die Festigkeit der Bodenarten bei verschiedenem Wassergehal 


NINE, DMITRY Pp. Elementary Proof of Shale- Likeness | of Clay Particles.’ 
ae 1928. (Public Roads, v. 8, p. 250.) Describes a simple epee a upon 
the rise of water in clay contained in an inclined tube. WE, ih HATMORS 


_McCREADY, L. De B. Action of Frost in Heaving Concrete 4 iu. 1993. (Engi 

 - neering News-Record, v. 91, p. 360.) See, also, letter by Gustav Dahlberg, 1 ill., p. | 
776. Letter ‘describing the raising of a foundation pier in Montreal. “Ravances ‘a. 
at theory as to how the freezing of the ground caused the heaving. 


_McLAUGHLIN, WALTER W._ uc Roads: vd Moisture and Its Effect on Highway Sub- 
grades. 1ill, 1921. (Public oads, , no. 1, p. 6-8.) Deals with capillary move 

—1921. (Engineering ond Contracting, PD. 536-537. 


McLAUGHLIN, WALTER W. Capillary Movement of Soil Moisture. 70 p. 1920. 

(0. 8. Department of Agriculture, Bulletin 835.) ‘‘References,” p. 70. Contains 19 
citations, Describes a large number of experiments and observations, Primarily from ie 


1920. (Engineering and Contracting, v. 54, 541. 


——Abstract. 1920. News- Record, v. 85, 983.) See, also, letter” by 
——aAbstract. 1920. (Public Roads, v. 3, no. 28, p. 18- 
MEEM, J. ©. Pressure and Resistance of Soil. 13 ill. 1923. (Proceedings, Brooklyn 
_ Engineers’ Club, v. 22, no. 1, p. 21-56.) Discussion, 1 ill., p. 56-66. Digest of author’s 
views. Deals with classification of soils; pressure exerted by various types on grain ~ 
bins, retaining walls, coffer-dams, tunnels, and similar structures; resistance to load- — ~ 
ing ‘and causes of settlement ; lateral transmission and dissipation ¢ of pressure under ej 
foundation loads; deep foundations and piling and buoyancy. Lagos 


1920. _ (Public Works, v. 48, p. 173-174.) See, also. Editorial, “Safe Pile 
Loads, p, 167, 


v. ‘alge 3- 18. ) ay ene D. 18- 19. Includes some observations on 


1924, (Engineering, v. 118, p. 640- )-641.) See, also, Editorial, p. 647- 648 
and letter by E. R. of) baw al 


MUELLER, CHESTER. ‘Concrete Pavement over Poor Sub-Grade at Port Newar 
Jersey. 7 ill. 1928. (Proceedings, Am. Soc. C. E., September, 1928, ‘Papers 
and Discussions, p. 2045-2060.) Subgrade was a comparatively fresh hydraulic fill of | 
Clay. Discusses character of soil with respect to water content, behavior of piles, 


water 


M ULLIS, IRA B. Subgrade Drainage Tests Yield Interesting Preliminary Data. 5 ill. 
ae "(Public Roads, v. 4, no. 6, p. 22-26.) _ Includes results of observations on effect 
of “frost action on capillary moisture at various depths, and movements - of a 


——Condensed.. 1921. (Engineering and Contracting, v. 56, p. 407-409.) 


ATIONAL RESEARCH COUNCIL—ADVISORY BOARD ON HIGHWAY RESEARCH. 
- Proceedings of the Third Annual Meeting. 162 p. 1924. (Bulletin National Re- 
search Council. no. 43, v. 8, pt. 1.) Report of Committee on Structural Design of 

Roads, p. 66-97, contains results of research work by various agencies on methods of. 

sting and properties of soils. 
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NATIONAL RESE ARCH COUN CIL—HIGHWAY BOARD. Report of Com- 
mittee on Structural Design of Roads. 15 ill. 1925. (Proceedings, Fourth Annual 
Meeting of the Highway Research Board . December 4-5, 1924, ak “35. 69.) Includes | 
. reports on subgrade investigations, by I. B. Mullis, p. 36-40; effect of subgrade on 
Yesistance of road slabs to impact and static loads, by E. B. Smith, p. 42-44; ; and } 
disk shear test road soils, by Strahan, p. 4 -41, this published also” 
in Engineering News-Record, v. 93, p. 959. 
Abstract. 1924. (Engineering News- Records, v. 93, p. 958-£ 959.) rea abbas 
NATIONAL RESEARCH COUNCIL—HIGHWAY RESE: ainoat BOARD. Report « of Com- 
2 mittee on Structural Design of Roads. 54 ill. 1926. (Proceedings, Fifth Annual 
_ Meeting of the Highway Research Board, December 3-4, 1925, pt. 1, p. 42-129.) Dis- 
_ cussion, p. 129-131. Includes “Report on Subgrade Investigations for the Year 
Bs 1925, ” "by I. B. Mullis, p. 43-67, dealing particularly with relations between sub- 
grade soils and water; and “Report on the Rio Vista, Calif., Subgrade Treatment 
-PAASWELL, -Open-Cut Subway, New York City, Built Under Unusual Con- 
ditions. 4 ill, 1927. (Engineering News-Record, v. 99, p. 269-272.) Includes brief _ 
sae consideration of stability of firm glacial drift, ‘capable of standing on practically 
PAULS, J. 7. Reinforcing and the Subgrade as Factors in the Design of Concrete 
Pavements; a Study of Bxperimenta! Sections of the Columbia Pike. 4 ill. 1924. = 
7 (Public Roads, v. 5, no. 8, p. 1-9.) Contains observations on relation between char- — 
acter of subgrade and of pavement, with emphasis on the moisture content" 
Condensed. 1925. (Conerete, v . 26, p. 40-41.) Mo 
——Condensed. 1924. (Engineering News- Record, v. 98, p. 743.) 
——aAbstract. 1924. (Public Works, v. p. 343-344.) 
PROBLEM THAT IS ALWAYS WITH US. 1917. (Engineering News, v. 77, p. 445- 
Be Editorial discussing knowledge of foundation soils and pointing out that — 
_ building a permanent and unyielding foundation is something of an unsolved problem. a 
QUESTION OF EARTHWORK SRINKAGE IN VALUATION. 1920. (Railway Review, ? 
vv. 66, p. 89-90.) Extracts from a brief and argument on earth-work shrinkage in 
embankments, submitted by the Public Utilities Commission of eheote to the National 
% Association of Railway and Utilities Commissioners. 4 
PHYSICAL PROPERTIES OF CLAY AND CLAY-MUD. 1923. (Nature, v. 111, 202 
-. ) Brief review of the papers by A. S. E. Ackermann and Herbert Chatley, and 


fi 


the reports of the Special Committee to Codify Present Practice on the Bearing ba ’ 

of Soils for Foundations, American Society of Civil Engineers. 
Frostbildung und frosthiigel im eisenbahnoberbau. 1928. (Organ fiir die 

_ Forschritte des Eisenbannwesens, v. 83, p. 94-95.) Discusses frost formation in soils, 

—Abstract from Tekn. Tidskrift, Vig och Vatten, 1927, no. 2. il 


‘RAYMOND, R. R. _Old Hawaiian Trail Teaches Road Subgrade Lesson. 1 ill. 4921, 
(Engineering, News-Record, v. 87, p. 619.) Failure of pavements due to marked 
ROSE, ALBERT C. Foundations and Drainage of Highways. 1928. (Transac- 
tions, -Am. Soc. C. E., v. 94 (1930), p. 62-84.) Discussion, p. 85-97. Based on field 
studies made in the Pacific Northwest. Inv estigation ‘that volumetric shrink- 
age of soil is fundamental adverse factor, which increases with clay content. De-— 2 
vised and field moisture ‘equivalent tests as simple and practical 
——Abstract. 1928. (Public Works, v. 59 157-158. A 
ROSE, A. C. Present Status of, Subgrade Studies. 11 ill. 1995. (Public ‘Roads, v. 
137-162.) ‘“Bibliography,’”’ p. 161-162, contains 110 references. Summarizes exist-_ 
Condensed. 1925. (Engineering and Contracting, v. 64, p. 982-984.) 
Condensed. 1925. (Municipal and County Engineering, of 69, p. 210-213. port 
Abstract. 5. (Public Works, v. 56, p. 353-355.) 
5 SCHLICK, w. J. ‘Supporting Strength of Drain Tile and Sewer Pipe Under Different _ 
atc 8 a Pipe- Laying Conditions. 68 p. 1920. (Iowa State College, Eng. Experiment Station, | 
Bulletin 57.) Investigations show that the foundation area to which the load on the — 
_ pipe is transmitted and the uniformity of the distribution of this pressure have arn 
marked effect upon the supporting strength of the pipe. 
SEWER FRACTURED BY BACKFILLING. 1917. (Engineering News-Record, v. 78. wy 
_p. 102.) Brick arch sewer in Chicago, Ill., was split longitudinally by unbalanced — 


pressure of heavy clay dumped in wet ‘weather on one side. 


SOIL SURVEYS. 1927. (Canadian Engineer, v. 52, p. 498.) Editorial ‘dteranding need 
| of studying soil conditions for lighter constructional works. 


we OF CONSERVANCY DAMS. 2 ill. 1920. (Miami Conservancy Bulletin, — 
2, p. 190-191.) Shows excavations with gravel ‘slopes in embankments of 
materials deposited by hydraulic fill, “3 


OTTOKAR. Die ingenieur- tiber “Betongrtindungen. 1926. 

: (Zeitschrift des Osterreichischen Ingenieur- und Architekten-Vereines, v. 78, p. 222-. 
a 224.) Abstract of lectures delivered before Technische Hochschule, Vienna. Part of ‘é 
this is devoted to an outline of the principles of soil mechanics and their application — 

_ to foundation — _ Study of soil mechanics will influence greatly the develop- ‘* 
ment of foundations. 
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TERZAGHI, CHARLES. . Calculation of the Coefficient of Permeability of Clay Sim a 


Course ‘of the Hydrodynamical Pressure Phenomena. 1924. (Science Abstracts, v. 


27, sec. A, P. 853-854.) Abstract from Sitzungsberichte der Akademie der Wissen- 
-schaften in Wien, v. 132, 2a, no, 3-4, p. 125-138 (1923). Results indicate that 
‘Darcy’ s law flow of water through loam in a semi-solid 4! 


$927, “Journal, BB. Soc. of Civ. v. 14, p. 265-282.) Discusses value 
semi- empirical methods of investigating foundation problems, methods of ‘Soil 
é Beaks classification, and classification of the U. 8S. Bureau of Public Roads, which : is based | 


—Condensed. 1927. (Roads and Streets, 67, | Dp. 25 35-260. 


16.3 
Erdbaumechanik auf bodenphysikalischer Grundlage. | 399 p. 
1925. Deuticke, Leipsic. Contains numerous footnote references. Deals with earth- 
Pa _ works from the point of view of soil mechanics, and is based upon the author’s inves- re kel 


tigations. Treats of the nature of soil; frictional forces between the grains and the - 

influence of water; strength and — elasticity ; phenomena of hydrodynamic stress; = 
" settlement, foundation failures, bearing value, supporting power of piles, and earth: 
pressure on retaining walls; and relations between theory and practice. 


‘TERZAGHI, CHARLES. The irst International Soil Congress and Its Message to the 
dee: e Highway Engineer. | + 1927. (Public Roads, v. 8, p. 89-94.) Reviews briefly the 
Pee _ principal points of contact between soil science and highway engineering and sum- 
-Marizes those papers. presented» before the Congress which. are of interest to the 

ay engimeer. © 


4 
TERZAGHI, CHARLES. “Methods and Possibilities of Road-Soil Investigations. 2 ill. 
tae 1927. (Proceedings, Sixth Annual Meeting of the Highway Research Board, December — 
- 2-8, 1926, p. 394-408.) Discussion, p. 409-420. Gives an analysis of the physical — 
factors which determine the behavior of the subsoil, and discusses means of studying 


TERZAGHI, CHARLES. Modern Consdptions Concerning Foundation 


ill., p. 423-439. Presents the results of author’s taventiantions in soil mechanics. 
- Discusses structure of soils and of very fine-grained materials; strain effect produced 
a: soils by external forces; effect of time on development of strain; consolidation of 


Few 18 | —. (Journal, Boston Soc. of Civ. Engrs., v. 12, 397-423.) Discussion, 


mud deposits ; bearing capacity and loading tests; resistance of piles and- character- Bs 
of pile’ foundations in different kinds of soils; and foundations of weirs on 


TERZAGHI, CHARLES. New Facts About Surface-Friction. 2 ill. 1920. (Physical 

— Review, v. 51, ser. 2, v. 16, p. 54-61.) Discusses some oe experiments lead- | a 
ing to an investigation of ‘the physical properties of clay. Studied the behavior of 
smooth glass plates placed in contact under different conditions of loading to deter- | 
= character and laws governing frictional forces. Uses some results to explain 


t 
facts re relating to the y and water ¢ contents of clays. 


ERZAGHI, CHARLES. ie _physikalischen grandlagen, des technisch-geologischen 
gutachtens. (Zeitschrift des Osterreichischen Ingenieur- und Architekten- 
_-Vereines, v. 73, Dp. 237- 241.) Summarizes results of author’s investigations of the 


4 physical properties of sands, loams, and clays. 


TERZAGHI, CHARLES. Principles of Final Soil Classification. 15 ill, 1927. (Public 
Bc Roads, v. 8, p. 41-53.) Deals with investigations on compressibility and elasticity of 
«soils, grain size, permeability, consolidation, capillary pressure, shrinkage, and con- 
oe sistency in dry and saturate ‘states. Final system of soil classification for engineer- 
ing purposes should be based only ‘on behavior of soil ‘conditions of 


1927. (Public: Wor. ks, v. 58, p. 250-251.) 


ERZAGHI, Principles of Soil Mechanics. 30 ill. 1925. 
Record, v. 95, p. 742-746, 796-800, 832-836, 874-878, 912- o15, ser 
1064-1058.) See, ¢ also, of Soil Action, 


TERZAGHI, CHARLES. Relation | Elasticity Internal 1924. 
_ (Science Abstracts, v. 27, sec. A, p. 361-362.) Abstracts from Siteungsberichte der 
Akademie der Wissenschaften in "Wien, v. 132, 2a, no. 3-4, p, 105-124 (1928). Co 
1 siders Telations in. the case of plastic materials, wath as sand and clay. 


st, 1931 BIBLIOGRAPHY ON BEARING VALUE OF SOILS 
;OIL TROUBLES AND REMEDIES, 10 ill. 1927. (Public Works, v. 58, p. 81-90.) @ 
Jee, also, Editorial, “Sub-Soil Capillarity,” p. 95. Summarizes replies to a question- 
: : naire on the effects of expansion and contraction of soil upon pavements, due to ote oe a 
a bsorption, freezing, or loss of water. Contains a number of articles in which 2 5. a 7 
pngineers describe in some detail their own conditions and remedies. = 
a STEPHEN. Ice Forming in Clay Soils Will Lift Surface Weights. 2 ill, 1918. 
4 
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feed. 336. Summarizes the principal facts devéloped and the conclusions deduced from the 
the, Be 2% experimental investigation of the mature and physical behavior of sands and clays. oe 
ein, =. Treats of the phenomena of cohesion, compressive strength, permeability, settlement, = © 
‘ . and consolidation of clay ; physical differences between sand and clay; elastic behavior 
| 
tof 
tion 


4 TERZAGHI, CHARLES. of ‘Present ann: 16 
(Transactions, Am. Soc. C. E., v. 93 (1929), pD. 270-301.) Discussion, 37 ill., p. 302- 
is, ing — 405. - Reviews present state of the science of foundations, its principal shortcomings, 
and the possibilities for its improvement. Among the topics discussed are relation | 
between settlement, size of loaded area, and depth of foundation; effect of degree of 
t err: soil permeability and of time on settlement ; bearing capacity of individual piles, 
with particular reference to the Hngineering News formula, and of oundat Ons ; 


and soil classification based on elastic constants of soil, = ‘OL 


bee -'TERZAGHI, CHARLES. Die Theorie der hydrodynamischen 
ihr erdbautechnisches Anwendungsgebiet. 1925. (Proceedings, First Interna-— 
‘tional Congress for Applied Mechanics, Delft, 1924, p. 288-294.) 


TERZAGHI, CHARLES. Versuche tiber die Viskositit des. Wassers— in sehr engen 

- Durchgangsquerschnitten. 1925. (Physikalische Berichte, v. 6, p. 1858-1354. 

he Abstract from Zeitschrift fiir Angewandte Mathematik und *Mechanik, v. 4, 1924, p 
107-113. Deals with _ the volume of ‘plasticity, 


a 

(THOMAS, CHARLES R. Soil” Seuture, Stratification “Affecting Road 

ee OE DTT; (Engineering and Contracting, v. 48, p. 12.) Brief consideration o 
texture and structure of soils, existence of water, and over ft drainage 


is 

TRATMAN, E. E. R. Shrinkage of Peas Filled Earth- Work a Sisboniueantn. 1920. 
"(Engineering News-Record, v. 84, p. 1256-1250.) See, also, Editorial, ‘“‘Does Harth- 
work Shrink?’’, p. 1229, and letters, v. 85, p. 135- 136, 380, 326, 375, 474. 475, 668-669, 
- $11-812. Review of varied opinions and of factors which affect reduction in volume. 


TUNNELING IN SILT. 2 ill. 1920. (Public Works, v. 48, p. 372-374.) See, also, 
ners Editorial, p. 377-378, and letters, p. 375-376. " Discusses behavior and properties of 
UPHAM, CHARLES M. Study and Treatment of the Different Subgrades and Founda- 


— tions, 1921. (Public Roads, v. 3, no. 33, p. 36- 38.) Discussion, p. 38- 40. Discusses | 


UPHAM, CHARLES M., and JANDA, H. F. Removal of Capillary Moisture in High- 

way Subgrades. 3 ill. 1924. (Engineering News-Record, v. 98, p, 912-913.) Tests 
show that coarse layers check rise of moisture in fine soils, and that sand is the most 


_VERSLUYS, Kantteckeningen bij de “Brdbaumechanik” van K. ~Terzaghi. 1926. 
Ingenieur, v. 41, p. 293-296.) “Literatuur” contains 13 references. 


VERSLUYS, J. Loopzand en Sepene. 18 ill, 1926. (De Ingenieur, v. 41, p. 589-596.) 
Bibliography, p. 595-595, contains 43 references. ‘Diseussion, p. 596- 598. 1 Discusses | 


WEBSTER, A. On the Angle of Repose of Wet Sand. 1919. (Proceedings, 
ae. Academy of Sciences of the United States of America, v. 5, p, 263-265.) 
ag Results of experiments, which gave 33° for dry sand, and. from 12 to 140° for 
Cc. Comparison of Road Subgrade and Air’ ‘Temperatures. 

/ (Engineering News-Record, v. 83, p. 128-129.) Deals with thermograph haDiedeeets 
made at University of Illinois, which indicate that henge in air temperature a 


- FLEMING, R. Some Data on the ‘Design of Steel Coal Bins. 3 iil. 1922. (Engineering 


v. 89, p. 346-350, 478.) See, also, letters, 2 ill., p. 669-670, 808, 1132-_ 


a 1133; v. 90, p. 270, 553. Includes calculation of pressures on bin walls, presenting 
data in tables and diagrams. Letters discuss earth re theories and formulas. | 


i “way, WILLIAM WREN. ‘Design of Deep Circular Bins. 2 ill. 1928. (Concrete, 


no. 6, p. 43-44.) — Presents practical method. Discusses theories regarding horizontal 


yy, 29, no. 6, p. 29-31.) | Gives formula for computing pressure of coal on bin walls, 


‘ LARKIN, W. J., Jr. Notes on Grain Pressures in Storage Bins. 16 p. 1919. (U. S. 
4 Department "of Agriculture, Bulletin 789.) Presents tables and charts with rules for 
their facilitate the designing of grain bins. Based on Janssen’s 


NOACK, PAUL. -Versuche zur Bestimmung des Seitendruckes von feuchtem Zementbeton. 
Pe. ill. 1923. (Beton und LHisen, v. 22,,p. 220-223.) Gives the results of tests of the 
lateral pressure of concrete containing different quantities of water, and develops a 


-PAASWELL, GEORGE. Pressure of Concrete in Forms. 1920. 

tracting, v. 53, p. 208- 209. Math atical deriving formulas for computing 


PIETERS, JOH. “ARN. der Berechnung der Silos. 6 ill. 1920. ( (Beton 


und Bisen, v. 19, p. 72-75 109 -112.) Includes formulas for calculating lateral ayes 


(Engineering and Con- 


¥, WILLIAM WREN. Reinforced Concrete Coal Pockets. 5 ill, 3926. (Concrete, 
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Condensed. 2 1916, ij (Bagineoring and Vv. 45, p. 209-210, 257-261. ) See, 


LATER, W. he: and GOLDBECK, A. T. Pouring “and Pressure Tests_ of Concrete, | 

- 18 p. 1920. (U. S. Bureau of Standards, Technologic Paper 175.) Describes test 

zag and gives results of the measurements of pressure 0 concrete against forms waring 


~< EARL B. Pressure of Concrete Against Forms. 11 ill. 1920, (Proceedings, 
Am, Concrete Inst., v. 16, p. 57-69.) Describes laboratory and field tests to determine 
the vertical and lateral pressures of plastic concrete against forms, the Goldbeck. cell 
being used to measure the pressures. formula for 


Enlarged. Pe 1920. Roads, ve 


Condensed. 1920. 


—Condensed and 1 re- arranged. 1920. v. 16, D. 


CHR. J. Silos schriger Einengung im oberen Teile. 5 ill. 1916. 
(Beton und Hisen, v. 15, p. 151- -153.) Gives method for calculating lateral pressure Ye 
ia WARD, H, A. Design of Reinforced-Concrete Circular Bins for the Storage of Cement. 
vag ill.” 1925. (Proceedings, Am. Concrete Inst., v. 21, p. 238-247.) _ Discussion, 

} 248-251. Considers action of cement in bins and Dressures exerted, using 


See, Chemical and Physical of Soils. ‘Piles 


ALE HOWARD K. Foundations for ae New First National Bank of Bosto 5 
1923. (Journal, Boston Soc. of Civ. Engrs., v. 10, Papers and Discussions, p. 31-45.) 
Discusses problems involved in providing deep and heavy foundations. Includes tes 

bs boring data, results of tests of bearing value of boulder clay, and settlement readings 

caisson used for underpinning, 
ALLAIRE, ALEXANDER, Failure and Righting of a Million- Bushel_ Grain Elevator 

‘ 20 ill, 1916. (Transactions, Am. Soc. C. E., v. UXXX (1916), p. 799-832.) Dis 

cussion, 5 ill., p. 833-848. Pacific "Railway elevator at North Transcona 
to an angle of about 27°, due to settlement of the ‘Pilling bins 

h grain added heavy load, causing clay to flow. 

_—Condensed. 1916. (Engineering and Contracting, v. 45, p. 66- 68, 110- 113.) 


AYYANGER, N. N. Schwierigkeiten bei Fundierungen in Indien. 1923. _ (Beton und 

_ Bisen, v. 22, p. 127.) Abstract from Poona College of Engineering Magazine, v. 7 

(1922), no. 2, p. 1. “Describes soil conditions in India, foundation troubles caused by 
i alternate wetting and drying of soil, and methods of overcoming them. 


BRENNECKE, LUDWIG. Der Grundbau; in vierter Auflage, neubearbeitet und herausge 
‘ von Erich Lohmeyer ; v. 1.  Baugrund, Baustoffe, Pfihle und Spundwinde, 
aA Saugrube. 261 p. 1927. Ernest & Sohn, Berlin. Contains foot-note references. — 
Covers the elements of foundation work from a general point of view. Pt. 1, p. 1-56, 
deals” with properties and _ bearing capacity of foundation soils, and methods of 
- examination and testing. Treats of supporting capacity of piles. p. 189-197. 
BURNSIDE, WILLIAM. Bridge Foundations. 1916. Scott, Greenwood. (Broad- 
way Series of Engineering Handbooks, v. 19.) rief introduction to British practice. 
Deals with foundation bed and its ‘Dower, & vit, 123. Gives formulas 
for supporting of piles, p. 129. 


CARPENTIER, H. Calcul des 00). Lig nes de 
 @ Energie Electrique. 22 ill, 1926. (Revue Générale de PElectricité, v. 20, p. 
- 71-679, 701-709.) Bibliography, p. 708-709, contains 21 references. i Explains prin- 
 eiples relating to equilibrium of the earth, "earth | thrust, and reaction. Deals with 
iH calculation of foundations with single and multiple footings. Compares French and 
Swiss methods of calculation. Includes tables of numerical data relating to various — 
© .RPENTIER, H. Note sur le Calcul des Fondations des Pylones Supportant les Lignes 
de Transmission d’Energie. 10 ill. 1923. (Revue Générale de lVElectricité, v. 14, p: 
439-443.) Reviews principal methods of calculation and shows need of the experi- — 
‘mental determination of the coefficient of elasticity of various s Is if mathematic 
CARSWELL, CHARLES, Memorial Tower Built to Last Through 5 ill, 1928. 
ie ited (Engineering News-Record, v. 100, p. 543-547.) George Washington Masonic National 
Memorial, Alexandria, Va., is supported on a reinforced concrete mat Renting ¢ 
clay. Gives results of and tests of soil, p. 548-544. 
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ofthe, Milling Corporation on 
Pktertrout of. Jersey City, N. J. Site was 
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— (Concrete and Constructional Engineering, v. 15, p. 460-463.) 
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CHAMBERS, RALPH H. Foundation Problems in Erecting Standard Ol il 

4 ill. ~ 1921. _ (Engineering News-Record, v. 87, p. 732-735.) Adjoining heavy build- 

ings in New York were underpinned down through water-bearing clay and quicksand. 

An interesting phenomenon observed was the slow yielding of the soil under the 

- pressure of the shores, ue to the. conclusion that pile-loading | tests should _—— 
over a considerable period 0 


CHAMBERS, RALPH H. Heavy Pounastions on Sand Rock, Nebraska Capitol. 3 ill. 7 i 
1925. (Engineering News-Record, v. 94, p. 107-109.) Pier and pile foundations 
3 uy building of large area with heavy central tower were carried to rock. Describes _ 


——Abstract Translation. 1925. (Zeitschrift, Ingenieur- und 

CHAMBERS, RALPH wW. [sic]. New Standard Oil Building. 1922. (American 
Architect and the Architectural Review, v. 122, p. 282-292.) of founda- 

difficulties encountered in erection of building in New or. 


TARDIN, ANDRE. Expériences sur la Stabilité des Massifs de Fondation ‘eel Pylénes 
de Lignes Electriques. 4 ill. 1925. (Revue Générale de VElectricité, v. 17, p. 637- | 
: 641.) Points out uncertainty of methods used in designing foundation blocks, taking © 
into account reaction of surrounding earth. Describes experiments to test the valid- — 
-¥ ity of the formula most generally used to calculate moment of resistance. Recom- 
avi mends change in formula and that the constant for the soil should be determined in 
bre each case by simple tests with the actual ground in question. 9 


‘CHRISTIE, W. WALLACE. Chimney Foundations. 1928. (Power, v. 58, p. 459-460.) 
Considers briefly supporting power of soils and describes proportioning of chimney — 
foundations for various conditions. 


CRETE MAT ON CONFINED SAND SUPPORTS BOILER PLANT 3 ill. 1917. 
(Engineering News, v. 77, p. 508-509.) Describes design of foundations for boiler 
house and coal-storage plant of New York Steam Co., New York. Wet, flowing sand | 
converted into stable ee by confining it with interlocking sheet- piling. —_ 


bearing test of sand, see p. 481. 

ONTINUOU FOUNDATIONS FOR 22- STORY BUILDING. 3 ill. 1922. 

neering News-Record, v. 89, p. 73-75.) Standard Oil Building, San Francisco, Calif. 

; oo founded on inverted floor 3 ft. thick, resting on sand and clay. Gives results of tests 

of bearing value of soil, in which the apparatus recommended by the Soils Com- 
mittee of the American Society of Civil Engineers was used. Bota a Bank CL 


DAV IDSON, D. Design of Floors and Foundations. 3 ill. 1926. (Concrete and Con-— 
—-structional Engineering, v. 21, p. §32-334. ) Paper presented before Yorkshire 
_.. Branch of the Institution ie Structural Engineers, describing a new system of rein-— 
concrete construction used at Leeds, England, sewage disposal works. Appli- 
peor cable to heavy floor foundations on poor bearing strata of a semi-liquid or plastic 
nature. In this there are no beams, no shear reinforcement, maximum of flexural | 
Supports. with — of steel reinforcement, and minimum of bearing area baal 

1926. and Contracting, v. 65, p. 185-187.) 


DRAINAGE OF FOUNDATION SOIL HEAVY BUILDING. 1 ill. 1918. 
(Engineering News-Record, v. 80, p. 363.) Drainage of subsoil by means of an open- 
joint brick sewer 35 ft. below ground was decided upon as best insurance against © 


gettlement of footings of Clev eland Municipal i] 
DESIGN OF CONCRETE PIERS IN CLAY. 1921. (American Architect and the 


- Architectural Review, v. 120, p. 451- 452.) Gives an example, illustrating method _ 
designing piers to be sunk in clay. sith 


DORR, H. Von den ‘Wiissen. dee -‘Leitungsmaste. 18 ill. 1924. (Die ‘Bautechnik, v. 7 

sap, 86-39, 44-47, 52.54. Describes methods of calculation based on author’s formulas 


DUMONTIER, HENRI. Calcul de la Stabilité des Massifs de Fondation Enterrés. 1 ill. 
-. Aer (Le Génie Civil, v. 90, p. 461-463.) Develops formula for calculating foun- _ 
nota dations of vertical poles subjected to exterior horizontal forces. Based on Rankine’s. 
and Maurice Lévy’s theories of soil resistance. — Includes chart to facilitate calcula- 
EASTMAN, FRANK H. Telescopic Foundation Sunk Bank 4 ill. 


1919. (Engineering News-Record, v. 83, p. 369-370.) Support 275-ton vault a 
Central Union Trust New ‘York, N. on -hard- through quicksand subsoil 45 


ELLIS, CHARLES A. Analysis of the Continuous Three-Column Foundation. 5 ill. 

1920. (Engineering News-Record, v. 85, p. 680-682.) See, also, letter, by 

 §$mith, 1 ill, p. 958. Gives a solution ‘of the problem of the distribution of soil 

Pressure below continuous footing under three columns. Considers the cases of 
projections not limited by site, and of limited projection at one end and at both one : if 


_ EXCAVATING FOUNDATION PIT IN QUICKSAND. 1920. (Public Works, vy. 49, — 
a p. 239- en? See, also, Editorial, p. 237. Describes methods of handling work =F 


FARGO, WILLIAM a. Sixty- One- Foot Hy draulie- Fill Dam Rests on Earth Foundation. 
: pa ill. 1918. (Hngineering News-Record, v. 81, p. 491-495.) Dam for Junction Hydro- 
og Electric Development in Southern Michigan | ‘founded on clay hard-pan. Reinforced 
- concrete retaining wall of maximum height of 90 ft. _ holds earth- fill. "Test load of 6 
er sq. ft. of soil s showed little sett eee ; 
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FELD, JACOB. Design of Substructure of Carquinez Strait Bridge, California. 


"1925. (Proceedings, Brooklyn Engrs.’ Club, v. 23, no. 3, p. 3-34.) Gives records of 


borings, compression tests of boring samples, and test piles, D. 6, 8- 9, 11- 12. u 4 


FELD, JACOB, Foundation Experiences in Water-Bearing Soil. 1927. (Engineering 


~ News- Record, v, 98, p. 623.) Describes soil conditions at site for a building in White — 


Plains, N. Y. OW ash borings proved to be unreliable. 


FLOATING FOUNDATIONS | CARRY TWO CONCRETE BUILDINGS. 8) ah 1917. 


ss ( Engineering News-Record, v. 79, p. 826-827.) Factories in Chicago, Ill, and Cam- 


enw den, N. J., have inverted floor sy Stem to distribute loads over soft ground. 4 Stiff, blue 
Chicago clay has estimated safe bearing value of 4000 lb. per sq. ft. 


- FORTIN, s. Novel System of Foundations Used in Connection with the Federal Legis ee 


lative Palace, Mexico City. ill, 1917. (Tvansactions, Canadian Soc. of Civ. hie. 
~ Engrs. v. 30, p. 186-146.) Design of the foundations based upon the assumption 

that the bearing capacity of the subsoil gradually decreases from the perimeter 
toward the center of gravity of the structure. Describes of wabeot, which 
Cannot support even a light load without deformation. i 


—Condensed. 1916. (Canadian “Engineer, v 80, p. 647 650. 


\SNESS, A. W. Foundations in the Winnipeg District. 2 1926. (Engineering 
een 7. Journal, v. 9, D. 495- -503.) Outlines geological conditions, and discusses allowable 
aes bearing» pressure on soil. Compares types of foundations and cost, and discusses — 
various difficulties, such as settlement of foundations on clay, frost action, 


4921-1922. (American Architect and the Architectural Review, v. 120, 


; p. 479-481; v. 121, p. 24- 26, 72-74, 117-119, 148-150.) Deals with testing’ of soil, 


piles, caissons, and mass from the point of view of the specification 


FOUNDATIONS, THEIR SELECTION, DESIGN, AND CONSTRUCTION. 3 31 ill. 1920 


. oo American Architect, v. 117, p. 294, 533-536; v, 118, p. 386-388, 579-586, 795- — 


need of preliminary investigation of "subsoil, giving a method of determining 
; and describes various ,condiitons under Which different 


FOUNDATION FOR 


tectural Review, v. 125, ‘p. 211-215.) Consists of a_ ‘concrete mat on clay soi 
—-Deseribes method of making tests of bearing value of soil, but om no values. z| 1 


FOUNDATIONS IN QUICKSAND AND WATERY GRAVEL. 2 ill. 1919. (Engineering 
News-Record, v. 83, p. 414-415.) Details of well-sinking for foundations of the Cana) — 


FOWLER, CHARLES EVAN. - Building Foundations in Clay. 7 ill. 1923. Ss 


morial, Alexandria, Va. 1924. and “the 
2 


> tila, its weight and bearing values, formulas for determining allowable load, settle: 
ment tests made at Detroit, Mich., and porcupine and fan calssons. 


FOWLER, ‘CHARLES EVAN. Practical Treatise on Engineering and Building 
Se Including Sub- -aqueous: Foundations. ed. 4, rev. and enl. v. 1. Ordinary 
a Foundations. 531 p. 1920. Wiley. Treats of design and construction methods and 
‘includes detailed accounts of methods used in particular cases. Deals with soils . 

_ foundations, p, 217-231; and theory of retaining walls, p. 285- 298. 


FOWLER, CHARLES EVAN. Types of Foundations. 6 ill. 1921. "(Engineering and 
_ Contracting, v. 55, p. 274-277.) Discusses methods of construction, and the limita- 


FRANCOIS, E. Fondations d’Ecluses et de Cales Séches. 29 ill. 1928. (Revue 


: — and Contracting, v. 60, p. 870-874.) Deals with the determination of character of 


a —s- werselle des Mines, ser. 6, v. 16, p. 427-444.) Treats of upward pressure of water, 


ealeulation of the resistance and and ‘foundation con- 


x Richter. 360 p. 1927. Berlin, ndbibliothek fiir bauingenieure, 
: Wasserbau, v. “Literaturverzeichnis, 337-354. General treatise on 
construction. Discusses earth pressure theories, and properties, examina- 
tion, and bearing of foundation soils, p. 2-41; formulas power 
atte piles, p. 103-108; and design of sheet- -pile walls, D. 108-116. a 


FREUND, A. Die Berechnung von Schleusenbiden nach der 
1918. (Zeitschrift fiir Bauwesen, v. 68, col. 83-104, 187-202.) 2 F 


GOODRICH, C. M. Concrete Foundations for Poles in Earth; A ‘Consideration of the 
Design of Concrete Bases for Power Transmission Line Poles. 10 ill. 1927. (Engi- 
neering Journal, v. 10, p. 345-349. )- Includes discussion of earth pressure on base, 


GOW. CHARLES R. Some Notes on Foundations. 7 ill. 1925. ‘a (Proceedings, Hngrs.’ ig 

; Soc. of Western Pennsylvania, v. 40,  B. 339-366.) Discussion, p. 367-379. Presents _ 
- fundamental principles and theories. eals with investigation of soils by test borings 
and load tests, and bearing values of various foundation soils, ‘Piles, 


KE “Sinking Building Underpinned Unusual 1927. 
Melee: Record, v. 98, p. 988-990.) Concrete warehouse at naval 
factory, Philadelphia Navy Yard, founded on piles in deep silt, settled | progressi y. 
Gives friction developed in si king caisson, : 
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"BIBLIOGRAPHY ALUE Bibliographies 


GRAFFIN, E. D. Underpinning the Concrete Storehouse, Naval Aircraft Factory, Navy 
2) ard, ‘Philadelphia, Pa. 11 ill., 8 pl. 1924, (Public Works of the Nav , Bulletin 34, 
Dp. 90-107. ) See, also, “Introduction, ” by F. R. Harris, p. 88-90, Descri es settlement 
of structure during construction and thereafter, with records: of observations, and 
gives values of frictional resistance of special caissons used. 


RAY, GEORGE City of Piles; a Problem for Builders. 1927. 
_ ¥, 8 no. 11, p. 8-10, 44-45.) Interview with J. F. Coleman dealing with foundation — 


ROUNDWATER PUMPING AND HYDRAULIC EXCAVATION FOR BEACH HOTEL 
am Foundation. 7 ill. 1921. (Engineering News-Record, v. 86, p. 52-55.) Describes 
on Ritz-Carlton Hotel, Atlantic City, N. J., fouméation.’ Cites test of 
capacity of sand at site of Ambassador Hotel Extension, p. 53. 


HAREL de la NOE. La Station Radiotélégraphique Lafayette a Croix- d’Hins, 
-. Bordeaux. Fondations en Béton Armé des Pylones de l’Antenne, 7 ill, 1921. 
'- Génie Civil, v. 79, p. 32-35.) Consists of a concrete raft, founded on dune sand hav- © 
ing a safe bearing value of 1.5-2.0 kg. , per Sq. cm. ~ Describes pile tests. Analyzes — 
——Abstract Translation. 1922. (Concrete Constructional Engineering, vy. 
1922. Uingineering and Contracting, v. 57, 297.) 
«HAY, WILLIAM WREN. Building Concrete Industrial Power House of Unusual 
 batit Design. 6 ill. 1927. (Concrete, v. 30, no, 3, p. 29-31.) Describes design and con- 
“= of building for International Motor Company at Plainfield, N. J. Structure © 
_ is placed on a reinforced concrete mattress resting on a fine sand, somewhat of the 
_ mature of quicksand, capable of wearers. distributed loadings of 2 tons per sq. ft. <7 


ed. and Foot. 


igan Technio, v. 


neering News- Record, v. 85, p. 776-780.) Foundations of Buick 
- ‘Building, Boston, Mass., were specially built because of unsatisfactory soil conditions, 
and varied with “changes in ground. of pile loading 
JACOBY, HENRY SYLVESTER, and DAVIS, RP. Foundations of Bridges and — 
sings. ed. 2. 665 p. 1925. MeGraw. to engineering literature,” 
621-660, Well-written, systematic, and accurate treatise on principles and practi ice. | 
Sat - Deals with “Bearing Power of Piles,” p. 78-120; formulas for bearing power, choice 
son of type, effect of taper, and driving and loading’ tests of concrete piles, p. 171-182; 
examination, and bearing capacities of foundation soils, p. 571-596. 
. Caisson Method for Foundations and Mine Shafts. 20 ill. 
~ 1918. ” (P vate Engrs’ Soc. of Western Pennsylvania, v. 34, p. 489-514.) _ Dis- 
cussion, p. 514-518. Review of method used in many cases where quicksand is en- — 
countered, with examples to illustrate the salient under foun- 
dations, bridge piers, and mine shafts. 


JOHNSON, GEORGE Foundations, 18 ill 


a 


Bak 


Condensed. 1927. (Engineering and Contracting, v. 66, p. 456-458. 


=e, FRANK P. Well Points Used in Excavating for Beach Resort ssa 2 ill 
1920. (Engineering News- Record, v. 85, p. 890.) Describes np: hha of water from i 


_ quicksand at site of Ambassador ‘Hotel Annex, Atlantic City, N. J. Includes test of 


IRCHOFFER, WwW. Novel ‘Construction of Conerete. Foundations for, 


1924, (Municipal and County Engineering, v. 67, - 289-291.) Describes briefly a 
method of constructing reservoir walls and foundations for small dams, bridges, 4 
oh chimneys, etc., in locations where the materials to be excavated are water-bearing 
ae sands and gravel, quicksand, etc., which are not self-supporting and would require — 


WILMER Z. Foundation Under Settling 175-Ft. Chimney Reinforced. 
= 1925. (Engineering News-Record, v. 95, p. 262-263.) Soil in portion of Philadel- — 
eo  phia Navy Yard consisting of river silt for a depth of 77 ft. proved unstable. Pine 
at piles, driven to firm strata, support reinforced concrete cant lever ring and heavy ‘: 
Translated. 1926. (Ingenieria Internacional, v. 14, p. 213- 214.) A, RO bop 
KLINE, WILMER Z. 5 Underpigniag the Foundation and Partial — Straightenin ng of a 
Seg ‘175- Foot Chimney, Naval Aircraft Factory, Navy Yard, Philadelphia. 10 ill. 1924. _ 
(Publie the Navy, Bulletin 34, p. 107-122.) See, also, “Introduction,” by 
R. Ha is, Includes record of settlements, wit 
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Me 
Comp. by a Staff of Specialists. 41+ Me 
Handbook Library.) Presents modern practice and elementary theory. Consists 
mainly of concise articles by many different authors. A number of them treat of soil 
characteristics, investigations, bearing value, and earth pressure, notably R. C. Smith, u 3 
1-20, T. J. Ferrenz, p. 20-25, Lazarus White, p. 89-97, and J. C. Meem, p, 97-109. MA 
Presents extracts from the progress reports of the Soils Committee of the American 
Society of Civil Engineers, p. 361-385, and formulas for bearing power of piles, 
— os HOYT, J. T. N. Nescience of Engineering. 1921. (Mich 35, no. 1, = MA 
3-7). Confined to general discussion of foundation s xamples of 
* difficult foundation work in Detroit, Mich., purpose being to show that engineering 
abstract. 1921. (Engineering and Contracting, v. 56, p. 485.) 
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August, BIBLIOGRAPHY ON ‘BEARING VALUE OF 
-KNEAS, FRANK N . Large Power House Foundation Built 
(Engineering v. 99, p. 511.) Abstract of paper presented before the 


American Society of Civil Engineers, dealing with Richmond Power Station of 
o the Philadelphia Electric Co. Spread footings built in permeable strata of sand, 


Get 


clay, and gravel containing water under a head. — Describes subsoil | “conditions and a ae 
re KNIGHT, W. Open Pier Foundations of St. Louis Telephone Building. ill, 1927. 
ae “(Engineering News-Record, v. 99, p. 536-539.) Piers were sunk to rock through — 
clay, sand, and boulder layers. Describes subsoil exploration, load tests on boulder 
stratum, and investigation of earth pressure conditions on retaining wall. 


‘LERCHE, KURT. Grubensichere Griindung von Wasserbehiltern. 8 ill. 1925. “(Beton 
und Bisen, v. 24, p. 89-91.) _ Presents methods of including effect | of sub-— 
sidence and unsymmetrical loading. band | asia 
LURIE, E. M. Power House Foundations. 7 ill, 1920. (Power Plant Engineering, 
_ y. 24, p. 167-173.) General information on bearing values of soils, testing bearing 7 
v - power, computing column footings, piling and bearing power of piles, draining of 
‘soils, increasing bearing power of soil by compacting, “and construction hints. ng? 
| MoOREADY, Ww. Deep Foundations of ‘Metropolis Bridge; Built Under 51 Lb. of Air. 
 10ill. 1917. (Engineering News, v. 77, p. 462-466.) | Deals with construction and design | 
oe of piers for Paducah & Illinois R. R. Co.’s bridge over Ohio River. Describes soil 
conditions and gives bearing value of fne white sand supporting piers. 
Me CULLOUGH, C. B. Highway Bridge Location. 32 p. 1927. (U. S.—Department of 
_ Agriculture. Department, Bulletin 1486.) Deals with’ foundation conditions from the 
point of view of cost considerations involved in location of large structures, p. 6-12. - 
—~Condensed. 1927. (Roads and Streets, v. 67, p. 313-315.) Devoted only to founda- 
McLAUGHLIN and HENEY. Troubles on School Job. 2 ill. 1927, 


eo 


piew. 
yt 
MAKER, G. Problems in Pier by. Bridge at 
_ Providence. 3 ill. 1927 (Engineering News-kecord, v. 99, Pp 927-929.) Subsoil 
is quicksand. Includes" ‘abstracts of three foundation experts’ Teports and recom- 
P MARQUARDSEN, R. P.. V. Foundation Pressures Under Rectangular Bases Eccentri- 
@ally Loaded. 14 ill. 1927.. (Engineering and Contracting, v. 66, Dp. 262- 266. 
velops formulas and diagrams for the solution of special problems. 
MARTIN, JAMES Safety and Construction Standards for Transmission 10 ill. 
1926. (Proceedings, Engrs.’ Soc. of Western Pennsylvania, v. 42, p. 185-227.) Dis- mes 
aa isthe cussion, p. 227-239. Deals with the design of pole and tower foundations, with — 
_. considerable attention to determination of resistance to uplift, p. 208-219. we 
maximum unit loading on soil, 224.00 


MAUGENEST. Fondations en Terrain - Argileux dans VAfrique du Nord. 1926. (Le Génie 
_. Civil, v. 88, p. 518.) Abstract from Kévue du Génie Militaire, January, 1926. Main- — 
taining the same percentage of moisture prevents movement of foundations. 
be done by Placing a layer of wet sand under the foundations, 


_MODJESKI, RALPH. Metropolis Bridge over the Ohio River at “Metropolis, ill, 

1919. (Journal, Western Soc. of Engrs., v. 24, p. 59-81.) Discussion, p. 81- 
L8G ‘Diseusses general problems of design and construction. Describes soil conditions and 
* gives bearing value of foundation sand, p. 65-67, pl. 15. Plates include data on 

friction encountered in sinking caissons, on foundation pressures. 
O’CONNOR, JAMES A. Foundations of the Lincoln Memorial in Washington, D.C ' 
‘et 12 ill, 1916. (U. §.-Corps of Engineers, Professional Memoirs, v. 8, p. 129-148.) 
- Describes design and construction. Consists of upper foundation, which is above 
_ original grade level, and sub-foundation of reinforced concrete piers extending down 
_ to rock. Treats of subsoil conditions and of stability of sub-foundations. in 


—Abstract. 1916. (Engineering and Contracting, v. 45, p. 354-356. ) att 


OLTARSH, M. Foundation for a 40-Story Building. 1927. (Engineering and Con- 
oan er tracting, v. 66, p. 10.) From Cornell Civil Engineer. Reinforced concrete mat was 
used on coarse sand having bearing value of 4 to 6 tons per sq. ft. for a Brooklyn 
\RSONS, H. De B. Sherman Island pam and Power-House. 19 ill. 1925. 
~ actions, Am. Soc. C. E., v. 88 (1925), p. 1257-1292.) Discussion, 6 ill, 1293- 
1828.) Describes the design and construction of a development on the Hudson River, oF 
c about 8% miles west of Glens Falls, N. Y. Main dam was founded on sand and 3 
boulders, spillway dam being founded on rock. Power-house is on very fine 
» sand. scribes local geology, p. 344-347, and gives pile-driving data, 352, results ei 
of ee, 800-072. at power- “house site, p. 366, and measurements ‘of uplift pres- 


—Condensed. "1925. (Engineering and Contracting, v. 63, p. 735- 742, 1025- 1032.) 


PEARL, J. W. General Three- Moment Equation. 1 ill. 1926. (Hngineering News- 

= ae 4 Record, v. 97, p. 70.) See, also, letter by Charles A. Ellis, p. 272-273. Gives a 
a Be formula for determining the distribution of soil pressure below a continuous eeenonil 
PETRIE, JAMES. Some Lessons from Practical Experience. 1926. (Conorete and 
Kans “Constructional Engineering, v. 21, p. 465-466.) | Abstract of an address before the 
a _ Institution of Structural Engineers, June 3, 1926. Enumerates some of the faults. 

~ and pitfalls to be avoided in the design and constraction of foundations and piling — 

‘with special reference to rafiway 
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| BIBLIOGRAPHY ON BEARING VALUE OF ‘SOILS 
PIGEAUD, des Fouilles de ‘Fondation des ill. 1922. (Annales 


des Ponts et Chaussées, pt. 1, 1922, v. 2, p. 175-180.) Develops formula based on 
- Boussinesq’s theory of the transmission of pressure in an unlimited solid mass. q 


"PROBLEM IN ECCENTRIC LOADING ON EARTH. 3 ill. 1924. (Engineering News- 

Cts Record, v. 93, p. 722, 881-882.) Problem, submitted by Paul Burke, on bearing pres- 
sures in the case of a rigid beam resting on a smooth, uniform ground surface, and 

at carrying a concentrated load offset from the middle point of its length,, with dis- 

cussion and solutions T. Kuo, H. B. Muckleston, and C. W. Pantke. 


PROCTOR, CARLTON, S. Foundation of Multiple Concrete Ring Girders for ee York 
Court House. 6 ill. 1921. (Engineering News-Record, v. 86, p. 494-497.)  Pre- 
ee -- vention of unequal settlement was the controlling problem in supporting heavy 
monumental building of hexagonal ground plan on sand. Describes soil conditions at 
 thesite. Load tests indicated that the sand and gravel stratum afforded a thoroughly 


_ PROCTOR, CARLTON 8. Foundations | for the New Building of the Royal Bank of 
Canada, Montreal. ill. 1928. (Engineering Journal, v. 11, p. 133-139.) Dis- 
ey cussion, p. 332-333. Features of design and methods adopted. Includes discussion of 

ok Le foundation materials and of types of foundation settlement in ‘yielding material. Sore 


‘vaeesen. CARLTON S. Problems of a Deep Caisson-Coffer-Dam Foundation, New 
York Federal Reserve Bank. 7 ill, 1926. (Engineering News-Record, v. 96, p. 598- ; 


_ 604.) See, also, letters, p. 703-704, 910. One of the main problems was the bracing : 
of the coffer-dam. Stresses were checked by strain-gauge. 


 PRUDON, G. Calcul des Massifs de Fondation et Vérification des Scellements. 1 ill. a 
«1926. (Le Génie Civil, v. 88, p. 117-118.) Presents simple of calculation 
RANKIN, J. Q. Winnipeg Sub- Surface Formation ‘and Suitable Heavy ‘Foundation 
“Types. (1917. (\Canadian Engineer, v. 32, p. 483-437.) Considers geological forma- 
bearing capacities, and peculiarities of the stratifications when subjected to 
' ‘heavy pressure, and types of foundations suitable for heavy buildings and structures. — 


* REPAIRING A SCHOOL FOUNDATION. 2 ill. 1926. (Concrete, v. 28, no. 3, p. 38-39.) _ 


_ White adobe clay on which San Antonio, Tex., school was founded, Dosseaned ‘unusual — 


an SCHEIDENHELM, F. W. Reconstruction of the Stony River Dam. 27 ill., 4 pl. 1917. ©, 

ae _ (Transactions, Am. Soc. C. E., v. LXXXI (1917), p. 907-1023.) _ Discussion, 12 ill. 
een P. 1024.1100. Describes geological and foundation conditions at site of dam in West | 

Virginia, p. 918-920, 92 Analyzes problem of resistance to sliding, p. 947-977, | 


Pa = stating the results of tests of frictional resistance and shearing value of various © 

Ph a ae principally clays, and the schemes considered for increasing resistance to slid- a 

ff ing. - Diseusses the bearing value of clayey soil, giving results of tests made at the — 
site, and the loading of the foundation soil, p. 978-982. 


i SCHULTZE, JOACHIM. Der Grundbau. 1. Der Baugrund und die Baugrube. 141 p. 4 
“Walter de Gruyter, Berlin. éschen.) Brief, elementary treat- 
Deals on _p- 10- 50, with bearing cqpecky.. properties, types, and examination — 
$25 
Mastfundamenten, 2 ill. 1923. (Hlektrotechnische ‘and of ever, 708- 709. 


SCOUMANNE, F. Le Calcul des Fondations en Béton pour Métalliques. 10 il. 
(1928. (Revue Universelle des Mines, ser. 6, v. 16. p. 1-13, 125-138.) Presents 
graphical method of computation. ‘akes into consideration lateral earth pressure. 


SHANGHAY S NEW BILLION-DOLLAR SKYLINE. 13 ill. 1927. (Far Eastern Review, 
2 ens v. 23, p. 254-264.) Describes some new buildings. Deals briefly on p. 258 with e 
2 bat foundation design and construction of the Customs Building and with the soil which d 
bes isa soft mud having a permissible bearing value of 1700 lb. per sq. ft. = 


SHARP, H. Transmission-Line Tower Design Chart. 2 ill. 1925. (Blectrical’ World, 
i -y, 85, p. 204-205.) Chart for determining the resistance to uplift of structural steel _ 
footings, weight of earth being assumed as 100 Ib. per cu. ft. Be | 


SUBSTRUCTURE OF BASCULE BRIDGE RECONSTRUCTION, 5 ill. 1921. 
News-Record, v. 87, p. 188-190.) Describes replacement of foundations 
& ix Street Bridge, Detroit, Mich. ee eee city is unreliable for heavy 


-BASE CAISSONS IN BOSTON BAN K FOUNDATION, ill. 1923. (Engineer- 

ing News-Record, v. 90, p. 577-578.) | Describes construction work on First National _ 

Bank Building. "Includes bearing value tests of hard-pan, composed of hard packed | 
STEEL GIRDERS CONCRETE STRUTS FOR FOUNDATIONS, 2 ill, 1916. 


(Engineering Record, v. 74, 259-260.) Contains test data bearing | ‘power of 
foundation soil for Bell Building, Philadelphia, Pa. f 


ane STEVENS, BLAMEY. La Cimentacién Cientifica Para Construcciones en la rt de 
México. 1919. (Ingenieria Internacional, v. 1, p. HG.) 


oO. Berechnung yon ‘Mastfundamenten. 5B ill, 1924. 
Bir omy v. 45, p. 1346-1348.) Supplements earlier article on _ the subject, sum- 
Sller’s method in mathematical easy calculation. 
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STOTZNER, zu den mit. Mastfundamenten vom Relenspostamt 
 ausgeftihrten Versuchen. ill. 1924. (Elektrotechnische Zeitschrift, v. 45, p. 449- 
_ 450.) Taking experimental data obtained by the German Post Office in 1913, author e rar 

a a method of calculation which takes into account lateral resistance of the — ; 
earth, as developed by Max Méller in his “Erddrucktabellen,” and also the bearing 
nm pressure. Compares permissible moments under various conditions as determined by 7s 

this method and by Fréhlich’s method. 


SWAN, A. D. Railway and Vehicular Bridge Across Vancouver Harbour, B. 
- ae (Engineering, v. 125, p. 151.) Abstract of paper read before the Institution of Civil | 


; ;, woe Engineers, January 24, 1928. Deals chiefly with foundation work and includes tests 


| SWEENY, F. R. - Notes on the askew: of a Single- Wall Cofferdam. 8 ill. 1919. (Engineer- — 
Tay ing News-Record, v. 82, p. 708-711.) " See, also, letter by Warren A. Lyon, p. 1029- | 
1030. Derives formulas for the size and spacing of the timber wales and the thick- : 
ness of the steel sheeting from theoretical and economical considerations, and gives 
charts for their application. -Tabulates constants to be used for various materials. 


TERZAGHI, CHARLES. "Wellpoint Method for Handling Excavation of Foundation _ 
at New Sewage Pumping Station, Lynn, Mass. 3 ill. 1927. (Journal, Boston Soc. 
of Civ. Engrs., v. 14, p. 389- 397.) Describes excavation ‘work through quicksand, 
and compares American and European practice. _ Includes results of loading tests. 


—1927. (Engineering and Contracting, v. 66, p. 455.) bes 


Caisson Cofterdam Foundation with Special Bracing. 6 
First National Bank of . 


THOMSON, KENNARD. Deep Substructure of Assay Office Built in “Quicksand, by 
~ Caisson- Inclosure Method. 6 ill. 1920. (Hngineering News-Record, v. 84, D. a i 
9.) Account of work for deep Gives results of tests of piles 
UNDISCOVERED SUBSTRATUM OF PEAT -COMPLICATES FOUNDATION JOB. 2 ill. 
1923. (Engineering News-Record, v. 91, p. 192-193.) See, also, letter by Henry | 
- Goldmerk, p. 277. Settlement of the shallow foundations of the building of the | ies 
Electric Manufacturing Co., in Philadelphia, occurred during con- 
a Original borings proved to be inaccurate. Describes wena method of | 


Condensed. (Engineering and Contracting, v. 66, p. 327- 330.) 
iv IVIAN, A. C. An Extension of the Middle Third Theory. 5 ill. 1924. j Engineering, 
-y, 118, p. 763-764.) Elaborates a general equation which, it is claimed, provides 


an easy and safe approximation to the stresses existing under the base of an eccentri- 
a cally loaded, rigid, rectangular foundation block, assumed to have been peel — 


nt 260.) Discussion, 25, Technical Section, 70-72. Presents p 
calculations of cost per linear foot of structure for bridges on concréte pier shafts | 
overlying caissons or cribs resting on sand, rock, or piles, and. reaching to depths 
below low water of 50 to 250 ft. Discusses assumptions and conditions ce vos wl 
Suitability of the Various. Types of Bridges Different 
us Conditions: Encountered at Crossings. 1927. (Journal, Western Soc. of Engrs., v. 32, 
43 Technical Papers, p. 313-329.) Discussion, 5 ill., v. 33, p. 227-255. _ Enumerates the 
many factors that must be considered in selecting the ‘design. - Discusses foundation 
e.. conditions that may be encountered, soil conditions permitting or excluding different © 
1928. _ (Canadian Engineer, v. 54, Pp. 108, 129- 130, 140.) 


WALLIS, N. Pressures on ‘Foundations. ill. 1925. (Concrete ‘aaa Constructional 
Engineering, v. 20, p. 257-265.) Presents method of calculating the stresses in 


say foundations on which the load is so distributed that only a portion of the weee ts : 


WALLIS, RICHARD P. ‘Building a a Difficult Mat Foundation at Ft. Depth in Clev 
land Sand and Clay. 5 ill. 1927. (Engineering News-Record, v. 98, p. 
_ Foundation carried down to clay. Sand layer was drained to prevent uplift 
WEART, D. Ria: Underpinning Lincoln Memorial, Terrace and Approaches. 4 i 1922. 
(Engineering News-Record, v. 89, p. 146- 148.) See, also, Editorial, “Trouble from 
Plastic Subsoil,” p. 130. Spread footings which settled with subsidence of sur- 
rounding fill, replaced by concrete Piers built in open sheeted pits carried down to 
, J. K. ‘Building Foundations. 2 ill. 1920. (Architeotural Forum, v. 33, 
313 ) Deals with the ene power of soil and the design of " 
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BLIOGRAPHY ON BEARING VALUE 0 OF sorts Bibliographies 


Chemical and Physical Properties of Soils” 


de Murs :  Précédé des ‘Nouvelles. ‘Méthodes de Calcul 
de la Poussée des Terres, Bosées sur la Théorie de I’Elasticité; Terres sans Cohésion 
et Terres Cohérentes; Application aux Travaux de Terrassements, ed. 2?] 278 p. 
; 1925. Librairie de l’Enseignement Technique, Paris. (Encyclopédie industrielle et 
commerciale.) Much attention to the methods of Boussin and of 
larly the latter. Includes tables. 


BLACK, 8S. W. B. Some Features of Gravity Retaining Walls. 2 ill. 1920. ‘leds fos 

Engineer, v. 39, p. 259-262.) Discusses the status of earth pressure theories, types 
‘of failures to be guarded against, proportions of wall, precautions against unequal 
settlement, drainage of backing, careful depositing of filling, and tion. 


CHANEY, R. o* Unusual Concrete Retainin ng Wall Section Has Raised Heel. 1 ill. 1919. ; 
ies (Engineering News-Record, v. 83, p. 621.) Brief description of a wall at Columbus, | 
a . a s Ohio, having a raised heel which will act as toe of wall under high- -water conditions 


OHAUDY, F. Type Fondation, sur Pieux, avec -Béton, pour ‘Murs de 
Souténement. 3 1925. (Le Génie Civil, 86, p. 138-140.) Analysis of the 
stability of wall and foundation in the case of walls ¢ on ons soil, 
___ pile foundations with pile heads free or built into concrete. oe Tee 
CONSOER, A. W. Designing Concrete Shore Walls. 1922. (Municipal ond County Engi- ; 
meering, v. 63, p 44-45.) Notes on foundations, need of taking into 


Record v. 85, p. 1217-1218.) See, also, letter * N. F. ieiies. v. 86, p..90. Pre 
dicts the overturning of a wall in Los. Angeles, before fll is “way up to 
top. Gives analysis upon which this is based. et oe 


-CRAEMER, HERM. Wider den sogenannten von 
8 1925. (Die Bautechnik, v. 3, p. 627-628.) See, also, letters, 9 ill., 734; Vv. 
4 p. 123- 124. Points out absurdity in usual method of calculation and gives. a brief 
_DANTIN, CH. Murs de Quai en Pieux-Palplanches en Béton Armé; Mur de Quai de 
Kenitra (Maroc). 8 ill, 1920. (Le Génie Civil, v. 76, p. 435- 427.) 


"(Beton und Hisen, v. 20, p. 195-196, 227. 4 Describes strengthening of ‘a in 


“DESIGN OF 
-—-- District. 8 il. 1920. (Engineering News-Record, v. 84, p. 1142-1148.) © Seale 
with design of high retaining walls, p. 1143-1145. | Vertical load on base was a limit- 


- ing factor. Considers value of lateral earth pressure adopted for the calculations. 


DOZAL, PEDRO J. Retaining Walls, Based the Theory of Friction; Done 
_ into English by R. T. Mulleady. 161 p. 1918. A. Rosas, Buenos Aires. Pre- 
sents an algebraic analysis of earth pressure, and Saiaowans a general theory: which — 

_ differs from those of Rankine and others and gives different results. 


‘DIE ERHOHUNG UND VERSTARKUNG EINER STAUMAUER, 1 ill. 1923. 
Re iic Bautechnik, v. 1, p. 151, 169, 287.) Gives the opinion of the Akademie des Bau- 
ss Wwesens regarding. the possibilit of increasing the height of a dam by means of an 

eels earth fill on the down-stream face of the dam wall. Several of the points deal, in | 
a general way, with the calculation of the earth pressure exerted. - Marung and K. 

Pfeiffer discuss these points. hax los vo oldiaatn 


FISH, GILBERT D. . Fallacy in the Design of Retaining Walls. ill. 1916. (Bngt 

; noes neering News, v. “™, p. 268-269.) Assumption that the vertical component of the 
earth thrust, as computed by Rankine’s formula, is distributed uniformly over the _ 

‘year footing cantilever—usually made in the accepted method of analyzing stresses: 

Jon a cantilever retaining wall—is shown to be erroneous. ihe. 


- GARVE, T. W. Storing and Handling of Raw Clays. 19 ill. 1920. (Journal, Am. — 
Ceramic Soc., v. 3, p. 266-285.) Mllustrates several types of walls, and 


discusses briefly theory of retaining walls, p. 279-285. Lovie + 


GAYLER, ‘OARL, Retaining Walls. 1920. (Journal, Engineers’ Club of St. Louts, ¥. 5, 
? 3, 3-7.) Presents some observations on the evolution of theories of | eartl 
pressure ‘and retaining walls, and on the design of walls. 
x 
——1920. (Canadian Engineer, v. 39, p. 151-152.) ase. 
_ GOODMAN, L. Designing a Retaining Wall When Earth Slopes at Top. 1 il 1918. | 
(Building Age, v. 40, p. 569-570.) Answer to giving method ealeulat- 
ae ing earth thrust by means of Rankine’s formula. ities 


3 


GOODMAN, L. How to Design a Retaining Wall. in. 1918. (Butlding v. 40, 

p. 305, 349-351, 394-395.) Designs gravity concrete walls and reinforced concrete 

Walls, that earth: ‘surface is level at top of. wall. Ranki 

HIRSCHTHAL, Strong. Should a Dam Be? Reduced Factors of. 

Used. 1921. (Engineering News-Record, v. 86, p. 1133.) Letter ‘discussing 
on Dp. 1017. Deals also design of ‘retaining walls for 
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HOLDING A BULGING RETAINING WALL WITH BUTRESSES. 4 il “4919. 

: neering News-Record, v. 82, p. 192-194.) High fill of atopy cinders forced out | 
dry masonry wall on line of Pennsylvania Railroad near Safe Harbor, Pa. Grouting 
and buttresses solved difficulty satisfactorily, 


“HYMAN, HENRY. Useful Diagrams for the Design of ‘Subway Sidewalls. 5 ill. 1917. 

_ (Engineering News-Record, v. 79, p. 314-316.) Includes diagrams for determining 
the bending moments due to earth pressure to allow rapid selection of rolled-steel on 
beams required to satisfy specifications of City of ‘Philadelphia, 


JONES, JONATHAN. Bensalem Avenue Cancrete, Arch Bridge, Pa. 3 ill, 
1916, (Engineering and Contracting, v. 46, 91-93.) Includes comparison of 


Posed designs of counterfort and gravity type ‘retaining walls. 


—Condensed. 1916. (Engineering Record, v. 74, pe 


KABELAGC, KAR Die Wirtschaftlichste Form der Hisenbeton- Winkelsttitzmauer. 
4 ill, 1919. (Beton und Eisen, v. 18, Dp 218-221.) Corrects several defects in 

_ Gilbrin’s paper in Beton und Eisen, v. 11, p. 238-235, with regard | to degree hadi 


gy § KNOWLES, J. H. Box Concrete Retaining Wa Wall on Western Pacific Ry. 5 ill. 1916. 2: | 
(Engineering “News, v. 75, p. 633-635.) Describes novel approach —_ 
bridge. Thin reinforced concrete retaining walls contain the earth the thrust 


being resisted by tie cross-walls of reinforced concrete. 


a McCORMICK, H. G. Retaining Wall Failure at Lock No. 43, Kentucky River. 8 % 
: nn 1. 1916. (U. S.-Corps of Engineers, Professional Memoirs, Vv. 8, p. 734-745.) 
nae Chief factors responsible for the failure were probably unfavorable character an 

ss @ondition of back-f'll material, and very low coefficient of friction afforded by founda- 
tion rock. Design of section was theoretically correct for earth pressures. 


MeCULLOUGH, ERNEST. Analysis of a Concrete Retaining Wall. 
c 1917. (Building Age, v. 39, p. 37-38.) Answer to question, showing how to obtain 


MM MATTHEWS, E. R. Reinforced Concrete Retaining Walls without Buttresses. 2 ill. — 
1920. (Concrete and Constructional Engineering, v. 15, p. 599-602 Gives typical 
Be. _ example of how to design a wall, without buttresses, 17 ft. high ab he Anwar 
slab, to retain sand moderately dry for the full peight of the wall. 


McGraw. 
the tee of the Special Committee to Codify Present Practice ' ‘on the Bearing Value 
of Soils for American Society of Civil Engineers; comp. by the Carnegie 
Library of Pittsburgh], p. 257-269. In Part 1, p. 1- 163, author presents the existing 
theories of lateral pressure, attempts codify them with the purpose of 
evolving simple, yet well-founded expression for the. and continues the 
codification throughout the theories of retaining wall design. = = mate 
‘RABY. Note sur un Mur de Souténement et un Passage Inférieur en Ciment Armé — 
ie - onde’s sur Remblai, Construits pour Rectifier la Route Nationale no. ii, d’Alger a 
Mostaganem, A la Traversée de l’Oued prés d’Alger. 16 ill. 1917. (An- 
_. nales des Ponts et Chaussées, pt. 1, ser. 9, v. 39, p. 308-318. ) “Treats of the calcula- 
tions for the design of the wall, and service results. at 


Condensed Translation. 1918. (Engineering and ‘Contracting, v. 49, 546- -547.) 


BAVIER, [L.]. Etude Expérimentale de la Stabilité des Quais avec Ancrages. 11 ill. 
5 1920. (Mémoires et Compte Rendu des Travaue de la Société des Ingénieurs Civils 


x REINER, M. Safety of Retaining Walls Against Sliding. 8 ill. 1925. -(Conorete an and 
_— Constructional Engineering, v. 20, p. 183-191.) Develops a method of calculating pe 
safety against sliding, which, it is claimed, gives more reliable ‘results than _the ay 
_ RETAINING WALLS. 8 ill. 1920. (Builder, London, v. 118, p. 68.) » Explains how to 
-- ealeulate the thrust of the earth against the wall by means of the Rankine and 
aii: wedge theories, and shows that the practical results arising from: ‘them agree mod- 
erately closely with each other, 


_SCHROETER, A. Der Nachweis der Kippsicherheit bei Sttitzmauern. 1915. (Beton und 
J. E. ing: Wall Failure That Was Not a Failure. 1915. (Engineering 
74, p. 1229.) _ Excessive earth pressure due to saturation of dry yellow 
ies Tey ‘Clay in back of wall at Illinois Building, Champaign, Ill., broke bond between 
and footing and tipped wall. Wall was subsequently righted. 


: _ SMITH, SOMERS H. Diagrams Facilitate 3 of Concrete Retaining Walls. 2 il 
% 1917. (Engineering News-Record, v. 79, p. 20-21.) Considers gravity wall without 
surcharge, and gravity wall with surcharge of Cooper’s E55 live loading. = 
H, T..A. Formulas for Width of Base of Gravity Retaining Wallis. 1 i. 
2 tae Engineering Record, v. 74, p. 564-565.) Determines neat dimensions and widt 
‘footings various. eases, based upon middle third and overturning limits. 
_ THOMAS, D. A. Backfill Wrecks Plain Concrete Abutment. 1 ill. 1916. _ (Engineering 
‘News, v. 76, p. 804.) Pressure exerted by sand by a 
bridge abutment caused wing wall to be broken off 
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BIBLIOGRAPHY BEARING ‘VALUE OF Bibliographies 


FRANCIS ERNEST. On the Stability. of. Deep- -Water Quay- 
(Minutes of Proceedings, Inst. C. B., v. 213, p. 185-143. 
ape - Discussion, 8 ill., p. 144-159. Correspondence, 17 ill., p. 160- 207. Discusses the i 
a Be a: various forces acting on a quay wall, such as lateral’ pressure of backing, lateral — 
: “ia resistance of earth in front of toe, resistance due to friction at base, weight of mJ 
backing, friction between backing and wall, friction between toe and earth in front 


“WENTW ORTH- SHEILDS, FRANCIS ERNEST. Quay Walls of Southampton. 10 il. 
1925. v. 120, p. 803-304.) Discussion, p. 283. Paper presented be- 
fore Section G, ineering, of the British Association for the Advancement of Sci- _ 
na ence, August 28, met aa Gives history of some of the walls, several of which proved © 
2 _ to be unstable, due to soft earth foundation. Discusses remedies adopted, nature — 
‘of materials to be used for backing, — lateral earth pressure. Compares alle 
which failed with others which stood well, 


q 
——Abstract. 1925. (Engineer, v. 140, 236. ) = 
WILEY, WALLACE FARIS. How Calculations Can Be Simplified by. the Use of Charts; : 
he wa Four Short Cuts in Design of Abutments and Walls. 8 ill, 1928. ae | 


and Oontracting, v. 67, p. 183-186, 350.) Three of the charts deal with effect of 
_ extending the toe, effect - rnntne the heel, and overturning moments due to earth 
ZIMMERMAN Stability. ‘Reinforced Concrete Retaining Walls. 1 in. 1919. 
(Engineering and Contracting, v. 52, p. 94-96.) Presents a diagram for the determi- 2 
nation of the base and the proper ratio between heel and toe. Shows how impor- 
tant the influence of maximum et - pressure is on minimum width of base. a 


te < London, v. 112, iy 36-37.) Varying abstracts from a paper read before the Concrete 
Institute, Dec. 1, 1916. Includes a of a large number of Proposed 
(Canadian Engineer, v. 32, 192- 194.) i 


1917. (Concrete and Constructional Engineering, v. 12, p. 91-96. 
9 


-1918. (Engineering and Contracting, v. 50, p. 111-112.) 


AMERICAN RAILWAY BRIDGE AND BUILDING ASSOCIATION. ae for Record- 
ing Pile Driving Data. 1 ill. 1922. (Hngineering and Contracting, v. 58, p. 594- — 
-§95.) Varyin “abstracts of the report of the Committee on Pile Driving and Pile 
ae Driving Records. Deals with consideration of soil conditions and —e of record- 
——1922, (Railway Age, v. 73, p. 747-748.) 
AMERICAN. RAILWAY BRIDGE AND ‘BUILDING ASSOCIATION, Modern Methods 
of Driving Piles: Report of ill. 1916. (Proceedings, Am. Ry. Bridge 
and Building Assoc., v. 26, p. 139-158. ) Discussion, p. 159-164. ‘Considers practice 
relating to driving “wooden piles by railroads of the United States and 


—Condensed. (Engineering and v. 46, p. 548; v. 47, p. 378-— 


1916, (Railway Review, v. 689, 734-737.) 
—abstract. 1916, (Railway Age Gazette, v. 61, p. 747-748. 


BIJLS, ALFRED. Les Piétix en Béton Armé; Observations sur. ‘Emploi aux Pays- 
Fe Bas. 2 ill. 1918. ie Génie Civil, v. 73, p. 8-10.) Review of Rapporten en — 
yo Mededeelingen van den ¥kswaterstaat, no. 10, by J. J. Canter Cremers. Deals with 
-. resistance of pile in place, and during driving. | Considers damage caused by driving. 


BOUSQUET, M. Les Fondasions: en ‘Terrains Compressibles. 6 ill. 1917. (La 


ow, 89, p. 407-411.) Trestsrof various types of concrete piles, with some attention to 


BURRELL, G. 8. Extension of Concrete Pier No. 314, Navy Yard, Charleston, Ste ae 
8 iL, 6 pl. 1925. (Public Works of the Navy, Bulletin 85, p. 38-45.) Describes ay 
ite, method ‘of construction, giving details of bor ngs; testing, "spacing, Griying, | 

bearing eapacity of piles ; bulb of pressure, etc. Dak. 
. 1125-1182.) 
CONCRETE PILES. 1917. (Concrete, v. 11, p. 116-117.) Part of a 
 “Getters of a General Superintendent of Concrete Construction to His Son, a Young 
4 Bent: - Structural Engineer.” Brief discussion of several types, driving, and testing. aa 
“¢ NCRETE PILES. 3 ill. 1920. (Concrete and Constructional Engineering, v. 15, p. 760- 

; 762.) Describes system, atented by Wilhelmi in Switzerland, in which the pearing — 
_. power is increased by enlarging the feet or by producing enlargements at any other — 
 guitable part of the length. ‘Compares carrying capacities of different types hee 
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_ CONNER, CARLTON N. Horizontal Resistance of Piles Under Retaining Walls. 1916. 
(Engineering News, v. 75, p. 524.) Letter discussing the. lateral resistance of 

; to horizontal thrust of the earth transmitted through the wall, but offering no data — 

Lend _DISSELKOEN, v. Betonpalen, ill. 1917. (De Ingenieur, 32, p. 886- 890.) “Bee, also, 

letters, 2 v. 33, p. 71-74, 112-113, 222-226, 300-301. a method of 
= casting piles in place in sandy soils with high ground- water level. _ Gives results of 
loading tests. Letters deal with bearing power of piles. 

eit cool, WOUTER. Experimentos Sobre la Adhesion de Pilotes de Hormigon Armado 

tals ny de _Seccfon Especial. ill, 1917. (Revista de la Sociedad Cubana de Ingenieros, 

. tt yy. 9, p. 808-814.) Describes a pile with vertical fins for use in mud, gives results 7 
bearing tests, and presents — for use this type. 

—Abstract Translation. 4918. Génie Civil, 72, p. 242-243. 

Abstract, Translation. 1918. (Annales des Ponts et Chaussées, pt. ‘ser. 9, 
‘porR, Eine Hisenbetonbriicke tiber ‘die Alb bei Karlsruhe. 8 ill. 1926. 
(Beton und Eisen, v. 25, p. 4138-417.) Includes method of determining bearing power 
| DmryENg AND LOADING OF CONCRETE TEST PILES AT THE NAVAL SUPPLY 
Depot, Naval Operating Base, San Diego, Calif. 6 ill, 2 pl. 1927. (Public Works 7 
f the Navy, Bulletin 36, p. 74-85.) | "Consists largely of extracts from a report | 


t. G. A, McKay. Deals “with driving of full-sized timber and concrete 
is piles; load test of concrete pile; comparison of actual bearing value and theoretical 
bearing values as computed from a number of and behavior of pile 


- EARLE, E. Cc. Making and Driving 110-Ft. Concrete Piles at Manila. 14° il. 1925. 
ie -"""(Enginering News-Record, v. 94, p. 756-761.) See, also, letter by A. F. Dyer, 
Gr P; 1031-1032. Largest and most powerful floating pile-driver ever built was Ssquires. 


Gow, CHARLES R. History and Present Status of the Concrete Pile Industry. 43° ill. 
1917. (Proceedings, Am. Concrete Inst., v. 13, p. 174-218.) Describes various types 
al of pre- cast and cast-in-place piles, their advantages and disadvantages, manufacture, 
and driving. Considers bearing power of pre-cast piles, p. 192-193. Pinint tia 


CARL ©. Wood Cushion Built Up in Layers Used in Driving Concrete 
Piles Through Clay. 1918. (Hngineering News-Record, v. 80, p. 476-477.) — Describes _ act 

4 oa _ driving of piles for foundations of post office, Portland, Ore. . Giv es results of loading hs 


HART, L. Building a Pile ‘Foundation for a Marsh- Land Factory. 

(Engineering News-Record, v. 93, 208-211. See, also, Editorial, 
driving,” "206. Kearny Plant, Western Electric Co., near Newark, N. J., built 
on a bog, #00 000 yellow pine piles sunk 10 to 50 ft. to sand- clay bottom hal 


CHARLES RUFUS. ‘Driving Piles. Near Existing Structures. 1922, (Engineer- 
ide as News-Record, v. 89, p. 988-989.) Letter calling attention to movement of old 
trestle on New York, New Haven & Hartford R R., due to displacement of soil di 


HOW TO DRIVE WOODEN PILES. 3 ill. 1921. (Public Works, Vv. 51, P 15-16, 
_  §2-54,) Presents information on the methods and “appliances used. 


HOWELL, ‘CLARENCE S. Concrete Pile Standards. 1917. (Concrete, v. 11, p. 26- 27.) 
Letter discussing some important considerations and dangers that may ‘be involved san 
era: ov of concrete piles, with much attention to load carrying capacity. . 


KING, L. Experiences in Driving Piles Through Water-Bearing Sand. | 1926. 
neering News- Record, v. 96, 82-783.) Note dificulty experienced in driving 
es piles for temporary support of Southern Pacific R. R., ver Oakland, Calif., approach — 
of estuary subway. Continued driving and friction of pile generated so much ~¥ 
sufficient steam formed to blow pile out of hole 


KNIGHT, G. LAURENCE. Buildin %. Unusual Foundation fora Heavy Machine. 6 il 
1916. (Engineering News, v. p. 396.398.) construction of foundatio 
of turbo- -generator at Gold Street Station of Edison F},)stric Illuminating Co., Brook- 
N. ¥. About half of article is devoted descri,:.en and results of pile-] “loading 


i. LAUBENCE. Construction of for Large Turbo Generators: 
& and Other Apparatus Under Difficult Sub-Soil Conditions.. 31 ill, 1917. .(Proceed- 
ings, Brooklyn Engineers’ Club, v. 20, p. 159-191.) Discussion, 1 ill., p. 191-196. 
Describes work at Gold Street Station of ae Electric Illuminating Co., Brooklyn, 

Y., with much . Describes and gi es results of pile- f 

ading tests, p. 168- 171. 1, 


RAPF, PHILIPP. Formein fiber die ‘Tragfahigkeit eingerammter Pfihl 
ft = p. 1906. Engelmann, Leipsic. (Fortschritte der Ingenieurwissenschaften, Grou 
2, no. 12.) Contains foot-note references. Discusses the usual formulas for calcu- 
on lating the bearing value of piles, and presents the results of driving, loading, and 
pulling tests carried out by thor ith wo d piles. Favors the Kreuter 
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18, Bibliographise 
‘LATHAM, ERNEST. Gauging of Penetration in Pile- Driving. 1921, (Engincer-— 
Ang, Vs 112, p. 684-686.) See, also, letters p. 756, 851. Gives results of tests mate 
wali with inertia gauges, and formulas for determining safe loads on piles. most. a) 


—Condensed. 1922. (Engineering and Contracting, v. St, BD. 


LATHAM, ERNEST. Use of Inertia Gauges in Pile Driving. 2 ill, 1921. (Hngineering, — 
Be hee 112, p. 131-132.) Discussion, p. 1235. Paper presented before the om 
rea - Gonference of the Institution of Civil Engineers, 1921. EN. of the pene 


LAYCOCK, J. N. Heavy Hammer Needed | in Driving Large Piles. 2 ill: 14924. (Engineer- — - 

J ing News- Record, v. 92, p. 890-891.) Load capacities calculated from test piles in 
deep soil found to depend on weight of In most cases piles lost resis-— 

LORDLY, HENRY R. Lateral and Vertical Pressure Effect of Piles in Clay. 44 iL. J 
Bey 1920. (Transactions, Soc. of Engrs., 1920, p, 171-193. ) Discussion, p. 193. Corre- 
spondence, p. 193-195. Describes tests on the grouping of piles carried out at Cornell 

University, the object being to ascertain the minimum distance apart at which they 

can, or must, be placed in clay in order to give the most effective results. : ‘Effect - 2 
Abstract. 1921. (Engineering and Contracting, v. 55, p. 832.) 
—Abstract. 1920. (The Times, London, Engineering Supplement, no. 552, p. 814.) 


LUNDAHBL, R. R. Bond Strength of Wood Piles in Concrete. 2 ill. 1928, “(Transac- 
tone, Am. Soc. C. E., v. LXXXVI (1923), p. 268-279.) Gives detailed account of 


tests’ conducted in connection with design of new ‘disposal plant for Mil- 


MeKAY, GEORGE A Notes on Pile Foundations. 19 23, (Public Works of the, Navy, 
Ns Bulletin 33, p. 31- -47.) Discusses some of the unanticipated troubles and exceptional — 
Bert occurrences encountered by the U. 8. Bureau of Yards and Docks, Considers founda- 
tion soils, settlement, bearing resistance, stability, and formulas for safe 19 seal 
Condensed. 1923. (Engineering and Contracting, v. 60, 1124- 1129. 


MAIN, CHARLES T., and SAWTELL, HENRY E. Foundations of. the New Buildings — 
BSG of the Massachusetts Institute of Technology, Cambridge, Mass. 16 ill. 1918. ay 
nal, Boston Soc. of Civ. Engrs., v. 5, Papers and Discussions, p. 1-34.) Discussion, 

Pia $4- 38, 135-137. Describes geological conditions found at the site, and methods used 
in determining them ; foundations as built, and reasons governing types used ;,and pile . 
tests, load tests, and designs of paerions of the foundations. Much of the paper is 


devoted to and tests. Modification of News 


MAIN, CHARI. ES SAWTELL, HENRY Spruce Piles ‘Cannot | Stand Compacted 
ix 5 Gravel. 3 ill. 1916. (Engineering News, v. 75, p. 788-789. ) Describes soil condi- 
‘tions and pile-driving tests at site of new buildings of the Massachusetts Institute of 
tks Technology. Decided to use oak or some other hard material = 


HH. F,; Pile Foundations in Shanghai. 3 ill. 1928. (Far astern Review, v 24, 
_—-s*~p, 222-224.) Address delivered before the Engineering Society of China, Deals a 

" _-pile foundations in clay. Discusses settlement, skin friction, safe loads, and distance 
_ between piles. Based on tests of the hangpoo Conservancy Board. 


MODERNE GRUNDBAUTECHN IK, 2 pt. 1927. ‘Ernst & Sohn, Berlin. Pt. Die Kurz- 
$chachtgriindungen mit der urundkérpermaschine, by I. Zeissl. 64 p; Pt. 2, Theorie 7 
der Tiefschachtgriindungen mit der Grundkérpermaschine, by Ottokar Stern. 56 p. 
- Describes a concrete pile system of the Compressol type. Some attention od peta nid 
the Stern device for testing the bearing value of soils; 
_ MORRILL, GEORGE P. The Concrete Pile. 6 ill. 1922. (Concrete, v. 20, De 229- 233.) 
Ms sc Abstract of a paper read before the Providence Society of Civil Engineers.  Dis- 
development, types, and with emphasis on the Raymond System. 


NOE, EDOUARD, and TROCH, LOUIS, Pieux et Sonnettes. p. 1920. Gauthier- 
"a Paris. | Deals rather extensively with the different types of piles and the 
machines used in pile-driving. Chapter V, p. 105- 177, treats of theoretical considera-— 

tions and includes a number of pile formulas. Chapter VIII, p. 318-333, ‘discusses 
Smee! - equilibrium of piles, and static and dynamic tests. 


PA \RSONS, H. de B. Underpinning Church “with. Pipe ‘Piles, in, 4995. 
7 ae * a (Engineering News-Record, v. 95, 70.) Settlement of rear end ‘of the build- 
_ ing, New York, N. Y., required pligs jacked down 74 ft. to rock through coarse, red- — 
 dish-brown sand, mixture of fine sand and reddish clay, and hard-pan. Describes 
PARSONS, H. de B. Underpinning Trinity Vestry Building for Subway Construction _ 
«16 ill. «1917. (Transactions, Am. Soc. C. v. LUXXXI (1917), p. 101.) Dis- 
 eussion, p. 102- 111. Concrete piles were used for underpinning of vestry and school — 
ri building of the Corporation of Trinity Church, New York, in sand. Gives results of 
- @ number of bearing value tests, p. 87-91. These showed that the piles had a tendency | ‘ 


to rebound when pressure was relieved Much of the discus = 


PIEPMEIER, B. H. Overdriven Piles Form Coal- Like in Gravel Bank. inl. 
1920. (Hngineering News-Record, v. 85, p. 910.) Examination of oak piles used in ; 
oh Phe trestle carrying tracks of Atchison, Topeka & Santa Fé R. R. near Chillicothe, 
4 showed that more than half failed to penetrate full depth, many had been com- hoe 
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TER, JAMES PATERSON. Bridge Foundations on Transported Chalk, Joe) Notes fe = 
eyes on Piled and Monolith Foundations. 1927. (£ngineering, v. 123, p. 486.) Ab-— 
J stracts of paper read before the Institution of Civil Engineers, April 36, 1927. Deals < , 
with problems involved due to soil conditions about Watford, England. 
" investigation of site conditions by means of trial piles, and pile mopman’ 4 feos 


at 
——1927. (Concrete and Constructional Engineering, v. P. 259.) 


‘PRENTISs, EDMUND ASTLEY, Jr. Method of Constructing Dificult 
ill, 1917. (Engineering News-Record, v. 79, p. 1061-1062.) Consists of under. 
r= + pinning the building during its erection. Column footing is first built on group of 
__ short concrete piles, which are later jacked down to desired load capacity. Includes 
“settlement curv es showing rebound and settlement of piles after each loading. 


it ILLIAM T. An Effect of Pressure- Transmission on Soft Soil. ah ill. 1920. . 

(Lngineering ews- -Record, v. 84, p. 1124.) Letter to the editor calling attention to 
a condition of soil swelling observed during pile-driving for the foundations of the 
_ Metropolitan Life Insurance printing building, Long Island City, 


x 
CONCRETE PILE; CONSTRUCTED BY THE BAYMOND CONCRETE 

‘Pile Company, New York, U. S. A. 4 ill. 1917. (Engineering, v. 103, p. 496.) 

Includes 1 results: of a a comparative test of the supporting power of ‘piles | with different 

_ REED, HENRY ASHMAN. T rafford. Wharf Reconstruction at the Manchester Docks. 

14 ill. (Minutes of Proceedings, Inst. C. E., v. 221, p. 67-88.) Discassion, 

ae 2 il, 89- 107. Correspondence, 1 ill., p. 108-122. ” Supported by piled foundations, 
a Considerable attention given | in paper ‘and discussion to pile- -driving, formulas, and 

RODA, JULIO RODRIGUEZ de. Pilotes de “hormigén armado hincados por agua 
 —presién. 1926. _Ungenieria Internacional, v. 14, p. 429.) Describes work at Har- 

bor of Castellon, Spain. -Ineludes calculation of ‘pearing value of piles, Béna- 


ROSCOE, A. Pr. Piles in Soft Ground Spread; Pulled Back by Turnbuckles. 4 ill. 4917. | 
, (Engineering News-Record, v. 78, p. 423.) Piles supporting column footings for ele-_ 
_-Vated railway along ‘Stillwell Avenue, Brooklyn, N. Y., were sprung by action of 


CH, A. Opheffing en rechtzetting van een fabrieksgebouw. 6 ill. i 1923, 

ok Ingenieur, v. 38, p. 363-366.) See, also, letters, p. 475, 621-622, 698, 740-741, 856- 
857, 995-956, 1054- -1055; v. 39, p. 14, 124. Describes settlement and waderpinning — 
of the factory building of the’ Jurgens Oil Mill Works, Zwyndrecht, Holland. Site 
consists of strata of reclamation sand-filling, peat mixed with clay, fine sand, and 
tan ground of coarse sand and gravel. Original piles were driven to refusal into 


= 


bed of fine sand. Compression of the peaty stratum caused Sereumens, _ Correspond- 
deals with bearing power of ‘piles. 


Translated. 1924. (Engineering, ve 117, p. 174- 


HENTON, H. Pile” Foundations and Clay. (Canadian Engineer, 
Pp. 442- 443.) See, also, Editorial, “Behavior of “in Clay,” v. 44, P. 195.. From 
; - Surveyor. Summarizes recent investigations in the United States and Great Britain 
on properties of soils and pile-driving and loading, with special reference to the a; 
3933. _ ond Contracting, Vv. Pp. 524-525.) ae 
SKERRETT, ROBERT ‘Climax in Concrete Construction. | 5 ill. 1921. ‘(Sctentific 
American, v. 139, n. v. Describes construction of the 
“pretest” piles used, and their stir 


"SKINNER, ‘FRANK | w. Methods on a 720000-H. P. Generating Station. 
a 19 ill, 1925. (Engineering, v. 120, p. 435-437, 501-504, 563-566.) Main buildings» a 
en plant of the New York Edison Company at 14th Street and East River, New 5 
- York, N. Y., will rest on a continuous concrete mat 15 ft. thick supported by +. a 
4 = 18 000 untreated yellow pine piles with average a of 30 ft. through satu- 
4 rated soil into a stratum of hard sand and gravel. Discusses pile. onying ppaeations 
computation of the bearing power of the Piles, p. 502. 


SKINNER, FRANK W. Pile- Driving and. - Concreting Methods on a Large Substructure ba 
a2 Contract. 11 ill. 1926. (Engineering, v. 122, p. 187-190, 253-254.) Account of 
Mi the construction work on the plant of the Western BHlectric Co., near Newark, N. J., 

~ _ built on marshy land underlaid at a depth of 10 to 50 ft. below the surface by fine 
ved sand and clay. About 200,000 wooden ples driven to average depth of 35 ft. 


will be required. Gives” various formulas for calculating bearing values of the piles, 4 
306-100. 


ae SMITH, GEORGE N Thrust Pressure Induced by Pile Driving. 1 ill. . 1926. (Hngineer- 
-Record, v. 96, p. 740.) Letter presenting for discussion the question 
a3 ‘regarding the thrust produced on cofferdam bracing from driving piles adjacent to it. . 


OCIETE FRANCAISE DES PIEUX FRANKIGNOUL. Pieux Franki; Systéme Breveté 
de Fondations en Béton en Terrains Compressibles. 112 p. [1927.} The Société, 
- Paris. Includes descriptions of foundation work utilizing acy, Piles, in various — 

_ localities, and results of a large number of loading tests. a3. 


J. Concrete Piles for Gas Works Foundations. 1924, (Gas 

“yor Record, v. 54, p. 385-388, _ Brief discussion of several types of ‘piles, their 

construction, ‘and soils for wh ch they are suited. Two. illustrations ‘show load 
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ss UPSON, MAXWELL M. Concrete Piles and Concrete Piling Construction. 22 inl. 1924. 

oF (Proceedings, Engrs.’ Soc. of Western Pennsylvania, v. 40, p. 103-128.) Discussion, — 


-«:p. 129-142. See, also, Editorial, ‘“‘Resistance of Piles,” Canadian Engineer, v. 47, 
 -p. 227. Résumé of the concrete "pile industry and development in the United States ’ 
He during the last twenty years. Describes various types and discusses their suit-— 
ce ares ability for various soils. Deals with bearing power, and relation between taper and 
friction, p. 123.127. "Large ape of discussion is devoted to bearing power and tests. : 


UPSON, MAXWELL M. Pilotes_ Pilotaje de Hormigéon. 13 ill. 1923. (Ingenieria 
‘Internacional, v. 9, 115- 127) Paper read before the International gineering 
e.. Congress, Rio de Janeiro, Brazil. Discusses the development of the concrete pile 
. industry in the United States, various types with their advantages and — 
R LOREN van THEMAAT, R. Een Gevaar by paalfundeeringen. 1 ill. 1921. 
Ingenieur, v. 36, p. 555-556.) ‘Discussion, p. 574, 586-587, 627-628, 652-653, 763- “765, 
; «809-810, 868- 869. Describes settlement of structure founded on piles, and gives some 
on te opinions on bearing power of piles. Discussion deals with bearing —" p 


-WICKLINE, G. G. Concrete Pile Trestle Highway Bridges in Texas. 1924. (Engineer- 
ing and Contracting, v. 61, p. 1224-1226.) Paper presented before American Asso- 
ciation of State Highway Officials. Includes practice with regard to methods of 
determining bearing capacity of piling and of making pile loading tests. 
~ WILDER, A. D. Construction of Pier B-C, Vancouver. 6 ill. 1927, (Canadian Engineer, — 
52, Pp. 437- 441.) Concrete pile structure. mud at site was replaced by a 

* fill. of sand and gravel into which piles were driven by 17-ton hammer aided by jets. 
ow ILDER, A. D. Design and Construction of Pier B-C, ‘Canadian ‘Pacific Railway, at 

Vancouver. 10 ill. 1926. News- Record, v. 97, 984- 989.) Describes 


BILLINGS. Railroad Trestle Building in Military ‘Operations. 


(Military Engineer, v. 12, p. 293-298.) Large part of the article is devoted to a 
theoretical discussion of ‘supporting reactions in pile foundations and batters for 
_ railway trestle bents. Quotes recommendations of American Railway Engineering — 
Association ‘With respect to pile- driving. thea! 


1920. (Engineering | an Contracting, v. 54, p. 196.) 


cOoD AND CONCRETE PILING: An Informal Discussion. 1 ill. " (Journal, Boston — 
Soc. of Civ. Engrs., v. 7, Papers and Discussions, p. 273-299.) Some of the topics 
covered are theories involved in pile-driving, relations between soil and piles, methods — 
of driving, bearing power, pile formulas, and load testing. pile penetration, 


—Condensed. 1921. (Engineering and v. 55, Dp. 63. This gives the 
greater portion of Charles R. Gow’s contribution to the discussion. 


w oun E. Method of Erecting Foundations and Building Simultaneously; “Pretest” 
ha Piles and the “Bulb of Pressure.” 6 ill. 1922. (Concrete and _Constructional — 
4 Engineering, v. 17, p. 638-644.) Describes system patented by Spencer, White & — 


boi. Prentis, which depends upon the so-called “bulb of pressure” set up in the soil | 
sph: beneath the bottom of the piles. Devotes considerable space to the | origin. of the — 
| theory and the experiments on the vertical distribution of pressure through ‘soils and — 
——Condensed. 1923. (The Builder, London, v. 124, 248-250.) 
Ww YNN, A. E. Tallest Reinforced Concrete Building in the United States. 7 il. 1922. 
"(Conorete and Constructional Engineering, v. 17, p. 365-371.) Describes the 
of the Hide and Leather Building, York, N. built on 100 ft. of sand of 
“Includes method of erecting -s 


"THEORY AND ‘FORMULAS athe 
ANDERSON, ‘CHARLES E. Beonomie I Design of Pile 1916. 
neering and Contracting, v. 46, p. 285-287.) Presents data based upon practical — 
experience, formulas being reduced to simplest form for use with the slide- ee ql 
x Methods used bear close relation to ordinary spread foundation design. aoe il 


ARNESON, EDWIN P. Pile Foundations for Load Distribution. 2 “4919. 
(Engineering News- Record, v. 83, p. 698-699.) See, also, letter i Ba Marshall G. Find- 
a dey, 1 ill., v. 84, p. 392. Formula and method for designing pile foundations sup- 
. porting retaining walls, dams, and similar structures, to insure that each em ill 


F. Résistance des Pieux. 11 ill. 1921. 
= 4s 


—Abstract. (Le Génie cowl, v. 73, p 48. 50. This abutract is reported by L. 


ER, OSKAR. weergave van de heiformule van 1 ill, 1928. 
(De Ingenieur, v. 43, p. B. 120.) From Der Bauingenie 
solving Stern pile formul 
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August, 1931 BIBLIOGRAPHY: ON BEARING VALUE OF SOILS 
Masonry. Formulas for Determining the Pressures on Piles Supporting 
; Masonry. 4 ill, 1916. _ (Engineering and Contracting, v. 45, p. 245-246.) Letter | 
Re af iving method of determining spacing of piles- so that each pile will receive the same 
oad. Suggested by R. P. V. arquardsen’s paper in Journal of the Western 


CANTER CREMERS, J. J. Invloed van hefen op den grond om het ingeheide voorwerp. 

Til. 1920. (De Ingenieur, v. 35, p. 685-691.) Deals with pressure relations in the | a 
ox around a pile. Discusses: Christiaanse’ experiments on passive earth pressure. — 


CHRISTIAANSE, J. G. Enkele opmerkingen in verband met de berekening van het 
one _draagvermogen van palen. 1924. (De Ingenieur, v. 39, p. 575-577.) See, also, 


letters, p. 981-983. Discusses use of earth pressure factors in meena for: bearing 
ss power of piles. 


COLBERG, Nachweis _belastung einzelner Pfihle bei von 

7 Kee Pfahlgruppen. 1 ill. 1925. (Zeitschrift des Osterreichischen Ingenieur- und Archi- 


4 DORR, HEINRICH. Die ‘Tragfihigkeit der Pfihle. 68 4922. & Sohn, Berlin. 
eal. “Titeraturverzeichnis, ” p. 67-68, contains 20 references. Develops new formulas for 
joe  ealculating bearing capacities of Piles of various shapes, in which the nature of the 

soil and its coefficient of friction _are important factors. Based on the Engesser 

vith geometric earth pressure theory. Works out a large number of examples of different 
types and in many cases, compares with results obtained from actual tests. 


FELD, JACOB. Determining Pile Locations Under L-Shaped Column Section. 2 | in. 
«1923. (Engineering News-Record, v. 90, p. 355.) Presents a simple graphical method. 


FRANX, C. De Berekening -Paalfundeering. 13 ill. 1928. (De _Ingenieur, 
v. 43, p. B. 189-B. 194.) Discusses recent methods of calculation, functioning of piles, 


A. Efficiency of the Hammer Blow, and Its Effects with Reference to Piling. — 
10 ‘il. 1922. (Hngineering, v. 113, p. 673-674, 711-714, 745-746.) Demonstrates the 
J relative importance of the several component parts of expended energy, and deduces a 
formula for general application to pile-driving problems. 


HILEY, A. Impact of Imperfectly-Elastic Bodies. with Particular Reference to the 
x Effect of the Hammer Blow in Pile-Driving. 3 ill. 1928. (Transactions, Soc. of 
Engrs., 1923, p. 125-141.) Detailed treatment of the theoretical principles weeyriving = 


HILEY, A, Rational Pile- ‘Driving Formula and Its Application. in Piling Peacticn 
Explained. 2 ill, 1925. (Engineering, v. 119, p. 657-658, 721-722.) Fuller explana-— 
tion as to how the formula previously deduced the ‘author should be 

determine the resistance overcome for any given case. + 


HILL, NICHOLAS §8., Jr. Oradell Dam of the Hackensack Water Company. 3 401. is 
ae 1925. (Transactions, Am. Soc. C. E., v. 89 (1926), p. 1181-1202.) “Discussion, 1 ill., - 


| 


ok 1203-1212. Sections of the dam were founded on wooden piles. Suggests a modi: 


fication of the Engineering News formula for safe bearing value of piles, p. 1194, 1201. ah 


 KAFKA, RICHARD. Theorie der Pfahlgriindungen. 71 p. 1912. Springer, Berlin. 
re “Quellenangabe,”’ 70-71, contains 27 references, Confined principally to the statics _ 3 
ae of centrally and vertically loaded piles. Treats ‘of the influence of the shape of the 


ore pile on bearing capacity, settlement, and economic use, and discusses — methods of — 
ealculating bearing capacity. Develops a statical, analytical method. 


a A. Een gevaar bij paalfundeeringen. 1923. (De Ingenieur, v. 38, p. 870- oe ade 
($71. ) Brief theoretical discussion of bearing of piles, based on 


MARQUARDSEN, R. P. V. Ultimate Supporting and Pulling Resistance of Piles 
“Placed Hydraulically. 5 ill. 1924. (Hngineering and Contracting, v. 61, p. 885-893.) 
. Develops, from a purely theoretical point of view unsupported py actual tests, 
formulas’ for estimating vertical and horizontal supporting power, and vertical and 
inclined pulling resistance. - Considers also miscellaneous problems. == 


NICHOLS, Cc. EL Comparison of Pile- Bearing Formulas. 1918. | (Engineering | ‘and Con- 
eu tracting, v. 50, p. 194-196.) From Stone & Webster Journal. Points out — progress — 
-- made toward establishing standards for judging supporting power of piles, indicates — 
- limitations of some of the formulas in common use, ‘and suggests certain lines along 

which experience and knowledge of the subject can be imreased. = 


NOKKENTVED, CHR. Berechnung yon Pfahlrosten. 1928. Ernest & Sohn, 
Derives formulas for the calculation of pile oundation and 
of their application. Based on a thesis in Danish, 


{OMOGRAPH FOR SAFE LOAD ON PILES. 1927. (Engineering N -Record 
p. 848-849.) Chart for ‘solving Engineering News formula. 


ith 
STENFELD, A. Berechnung: von Pfahlrosten. ill. "4922, (Beton und Bisen, 21 


 p. 21-23, ’30- 83.) See, also, letters, v. 21, p. 287: v. 22, p. 103- 104, 178- ETB. ea 
ops: formulas for the Peliable calculation ‘of pile foundation grills. 


unt 
PEARL, J. W. Foundation Pile Spacing for ‘Eccentric Loads. 2 ill. “1920. (Engineering 
and Contracting, v. 58, p. 91.) Presents equations for the 
of the piles so that each ‘one will be equally 


- La Résistance des Pieux de Fondation. 1928. 
Much attention to. Bénabenq’s: formula, 
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PILE DRIVING. 4 ill. 1928. (Engineer, v. 142, p 577, 605. ‘Letter inquiring for. the 
=a - Yeason of the difference between the constants a the Engineering News formulas for 
drop-hammer and steam-hammer, ‘with reply by Haddon C. Adams. 


FORMULA A FOR DOUBLE ACTING HAMMER. 1916. _ (Engineering 
“News, v. 76, 29.) See, also, letter by A. M. Knowles, p. ‘417. Suggested modifi- 


 eation of Baginecering News formula. wer bee! ub BAT 


“ROBERT DE LA MAHOTIERE, L. See BENABENQ, E. 

SCHULTZE, JOACHIM. Vom Rammpfahl. 8 ill. 1921. Eisen, v. 20, p. 
«82, _:55-57, 98.) Discusses the problem of the mutual relations existing bet ween pile © 
208 and surrounding soll, with ‘special reference to the application of earth- “pressure — 


4 SCHUYLER, P. K. Graphical Solution o of Engineering News formula for Bearing Capacity — - | 
‘ of ‘Piles. 1 ill. 1924. (Hngineering and Contracting, v. 61, p. 1246-1247.) © Covers — ; 


FRANK W. Influence of Shape on the Supporting Capacity of 

~ Conerete Piles. 17 ill. 1924. (Proceedings, Brooklyn Engineers’ Club, v. 22, n 
oP. 50-60.). ‘Theoretical discussion of the bearing values of straight and 


STINEMAN, N. M. Combined P Pressure on Piles from Vertical Loads and Lateral Forces. 

ib 2 ill. 1917. (Engineering and Contracting, v. 48, p. 147-149.) Derives formulas r 

bit, for computing pile loads where a vertical load and a lateral force combine to produce — 
es as direct compression and a tendency to overturn, as in cases of retaining arn a 


‘STERN, -OTTOKAR. Das Problem der p. 1908. Ernst & 
_ Berlin. Mathematical study of pile resistance based on a consideration of the dis: 
_ placement and compression of the soil and friction between pile and soil. Uses a 
compression coefficient determined experimentally with the soil. Discusses relation 
_ between bearing capacity and pile taper and shape of point and develops statical, 
HIERRY, de. het draa 1924. (De Ingenieur, 
39, p. 408-411.) Deals chiefl 
‘teas of its application. 
JOHN C. gr. Another ‘Pile Formula. 1923. (Engineering News- 
sat Record, v. 90, p. 316- 317.) Letter calling attention to the formula of R. C. Norris, 
Pi! which takes account separately of the “resistance to driving” and of the “grip” or — 
| Mattia resistance due to the recompacting, around the pile, of the soil which j 


wit 


abi 


_WESTERGAARD, H. M. Resistance of a Group of Piles. 7 ill. | 1917. ticaenek Western 
oe of Engrs., v. 22, p. 704-713.) Discussion, p. 713. Presents a graphical method 


of determining the ‘distribution of pressure any irregular group of piles. 
1918. (Canadian Engineer, v. 34, p. 320-323.) 


1918. (Engineering and Contracting, 49, 503.) ibe io 


WILL, ‘HEINER. Rammformeln und Tragfihigkeit der Pfihle. 2 ill. (Beton und 
"~ Bisen, v. 16, p. 25-29, 154.) Discusses the unreliability of the Brix formula. 


WUN SCH, HERMANN. Statische Berechnung der Pfahl-Systeme mit den daraus on 
Grundsiitzen ‘fiir. Anordnung. 127 1917. Wittwer, 


News, v. 74, p. 28-30.) 2 of city, gives 


ria 
ABBOTT, HUNLEY. Notes _on Procedure in Testing Concrete Piles. 3 ill. 1916. 
yeu (Concrete, v. 8, p..178-179.) Describes construction of loading platform and method 
sets of loading pile, and gives results of test at Lynn Gas & Electric Co., Lynn, Mass. | a 
ALUMINA CEMENT TEST PILES GIVE FOUNDATION DATA QUICKLY. 1 ill. | 1926. 
Lie (Engineering News-Record, v. 96, p. 251.) Account of tests for two California 
bridges and for City Hall at St. Joseph, Mo., by which bearing data were secured in > 
fraction of the would have been consumed had Portland cement 
LACKALL, A. Pile Tests in India. 1926. v. 28, no. 4, 82. 
es - Brief note on test of simplex concrete piles, carried out in Caleutta.— Bee, also, “ol 


dar information in Canadian Engineer, v. 50, p. 105. 


BRINKMAN, A. Eenige mededeelingen over van gewapend betonpalen. 
: 5 ill. 1927. (De Ingenieur, v. 42. p. 63-66.) Describes and presents results of load- 
ing and pulling tests on piles driven near Rotterdam. 


‘COMPOSITE PILES) FOR QUAY WALLS AND PIER, PEARL HARBOR, HAWAII. 
7% ill, 1923. (Public Works of the Navy, Bulletin 32, p. 6-23.) Deals with vertical 
and lateral loading tests of pile comprising a timber bearing member surmounted by 
a structural pillar of concrete. Gives an account of the engineering f t 
volved the tests, results, and conclusions draw 
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ON BEARING VALUE OF SOLS 

én ON TEST BORINGS AND TEST PILES AT SITE OF FIELD MUSUEM OF — 

7 Natural History, ‘Chicago, Ill. 2 ill. 1915. (Hngineering and Contracting, — 

4 44, p. 141-143. } _ Gives results of some investigations and tests made to determine 
‘the character of the subsoil and the bearing power of wood piles. #8  — 
Estas OF —— BRIDGE FOUNDATIONS. 3 ill. 1921. (Miami Con- 
ie. servancy Bulletin, v. p- 100-102, 106.) Piers are carried down 12 to 16 ft. into 
aite with piles extenahig 18 below the pier b bottom. load of 
at site o ack Street Bridge, Hamilton, Ohio. 

-Abstract. 1921. (Public Works, v. 50, p. 411.) 
DORR, EDGAR S. Design and Construction of the New South End Sewage Pumping 
“Ia Station, the Largest in the World, Boston, Mass. 1 ill. 1916. (Hngineering and 

Contracting, v. 45, p. 18-19.) See, also, letters, p. 429, 813. Condensed from 

Journal of the Boston Society of Civil Engineers, ‘December, 1915. Includes results 
: of pile test, which disagreed radically with the figure found by the pile formula used. _ 
—Abstract. 1916. (Engineering News, v.15, p.127.) 

a. D. B. Warehouse Footings Rest on Concrete and Sand Piles. 1 ill. 1916. : 

(Engineering Record, v. 74, p. 690.) Letter giving results of tests on sand piles at 

REKHOF?, A. -Belastingproeven op op palen van gewapend beton en op staal in auin-— 
 grond. 11 ill. 1918. (De Ingenieur, v. 33, p. 351-354.) method and 

ESSAI DE RESISTANCE DES PIEUX EN BETON “FRANKI.” 7 ill. 1926. (Le Génie 
Civil, v. 89, p. 513-514.) Summarizes results of loading tests carried out in Ant- 
— W. H. Chicago & Northwestern Railway Co. Terminal Grain Elevator. 6 ill. 7 

1919, (Journal, Western Soe. of Engrs., v. 24 p. 307-319.) Discussion, p. 319- $22. 
Describes elevator and auxiliary buildings on Calumet River, near 122d Street, 
- cago, Ill, Includes data on soil conditions and pile tests, p. 307-308, 316, 317, S18. 

‘ FR ICTIONAL RESISTANCE OF PILES TESTED BY HYDRAULIC PRESS. 1 il. 
(Engineering News-Record, v. 96, p. 955.) Brief description of m 
testing piles for Swedish State Railways bridge. 
JACKING TESTS ON PILES. 1 ill. 1915. "(Engineering News, v. 74, Results 

of pile tests at Potter Building, New York City, made with a hydraulic jack. Piles 

KOCH. Der Franki- Blockpfahl. 3 ill. 1926. (Beton und Bisen, v. 25, Pp. 282-283.) 
“a Describes new type of ‘‘Franki” pile and gives results of loading tests. Includes also 
results of loading tests of older type. 
MAKING PILE TESTS 4 THE NEW CHICAGO RAILWAY STATION. | 1916. (Engi- 
. neering News, v. 76, 801.) Data on a-iamaaaed of piles under 40- ton load hia si 
of new freight house Pennsylvania Lines, 


MULLEN, J. FRANK. Pile Load Based on in Redriving. 3 ‘ill. 4921. 
a (Engineering News-Record, v. 86, p. 344.) Loading of foundation piles in clay for on on 
a building of John Hancock Mutual Life Insurance Co., Boston, Mass., computed from 


F. A. Heavy Foundation Work Bridge ‘1920. 
News-Record, v. 84, p. 774-776.) Pier footings rest on pile foun- 
dations and firm materia). Gives results of pile-loading tests. 
SORTORE, A. E. Construction Features of the Bloomfield Bridge, Pittsburgh, Pa. 
ill. 1915. (Engineering and v. 43, p. 6- 8.) Includes results of load- 
TANIFORD, CHARLES Loading Test of Lagged Piles in Soft Silt. 3 ill. 1915, 
¥ 2 (Engineering News, v. 74, 76-77.) Gives results of tests in soft silt of the North | 
River at West 46th Street” pier, 


| mesmo CONCRETE PILES ON HOGG’S HOLLOW BRIDGE, NORTH TORONTO. ¥ 


il. 1928. (Contract Record and Review, v. 42, p. 785-786.) 
ZIMMERMANN, KARL. Proberammung in den kdniglichen Anlagen in Stuttgart. 8 ie ot 
1917. (Beton und Hisen, v. 16, p. 177-182, 208-211, 227-230.) Presents data on a 
ci large number of pile- driving and loading tests carried out with piles of different 
forms and systems, and compares the bearing powers as determined y the tests = “a i 
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BCONOMICAL DESIGN 
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By JOHN FRANCIS. CUSHING, M. AM, Soc. 


3 M. Soc. (by letter).* “Referring to 
; : Mr. + aughn’ 8 discussion, it is probably true that there i is and always will be 


_difieuty in applying hydraulic theory to a dredge pump, but Equation (2) a 


does: ‘Tepresent the principal factors, (and their relation one to. the other) 


“necessary to obtain results of practical value i in dredging. Some authorities, 
7 however, question the exactness of this equation when the pump is used for 


- handling uniform material, such | as water and mercury. The power con- 


~ sumed by a a dredge pump is dependent « on the weight actually passing through 2 
it It is likewise dependent on many other factors, and their relation one a ce 
to ‘the other may be - complicated, but in hydraulic dredging operations there — 
is an average condition, the limits of which» are within a range that a 4 


this equation of practical value. Many data are available on the performance 


of. centrifugal water pumps, and they are available, probably, because of _ 


use of such pumps and because it was a | simpler and easier: problem 


to make such observation than to determine similar data for a pump handling - 
a burdened with a miscellaneous quantity and of solid = 
rial. 


on “centrifugal ‘are, in a large “measure, made applicable to the 
pump by developing new and ‘different. values for some of the “con: 


Iti is “true, as stated by Mr. Vaughn, that Equation (4) assumes that the 
- friction head is a linear function of the length of line for a mixture of given 


a, 
weight. Even in dredging inaterial, such as a uniform clay or a uniform 


sand, this weight of burden is not constant in the ; pipe line, but varies mate- 


—The paper by John Francis Cushing, M. Am. Soc. C. B., was published in 
_ November, 1980, Proceedings. Discussion of the paper has pete in Proceedings as 
follows: February, 1931, by R. L. Vaughn, Assoc. M. Am. Soc. C. E.; _ ee, 1931 by 
ie Pres., Great Lakes Dredge & Dock Co., Chicago, m. 
are hy the Secretary, May 4, 1931. OF 
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OUSHIN ON DESIGN OF HY DRAULIC DREDGE "Discussions 


ally, principally because of the lack of control of the operation of the cutter 
at the intake under water. | Consequently, such loading of burden into the .'f 


line | cannot be done ie but only within such limits as ‘may be deter- q 
"mined by observing the vacuum and pressure gauges. _ However, in the usual 


dredging op operations, these limits are promptly established by the experienced _ 

By means of « constants, (4) also takes into account the _char- 


acter of the material ; soft or light material requires value for f, 


rm 


hard clay balls « or Siebel: another. These must be determined by experience 

%, with the particular dredge being used; the constants for one dredge are | not : 
essentially applicable to another, but it is feasible and. practicable to » develop 
such constants for one dredge and re-use them for predetermining economic 


performance on future contracts and under similar conditions. 


‘The constant, C, in Equation (1 ) is ; the unit cost for labor plus the ur unit 
Es of all power consumed on the dredge, and in this equation the unit cost 7 \y 


power r used by the pump | is considered as this total cost divided by the 


ower consumd by th um nl 


See Tt is understood that in clay work, a large part of the total power used 
on the. dredge is ‘consumed by the cutter. Furthermore, : a large | part of the 


total power is cused to operate the other auxiliaries on the dredge. 
iA theless, the pump consumes the main part of the power, and it is ‘considered 


that power for these auxiliaries, including the cutter, is properly included 
ae Gn the cost of that for the dredge and that the complication. resulting from 


developing a formula segregating the cost for these different units that 


absorb so much less | power, would not be warranted over and above the prac- 


Li 


4 


ae tical results obtained by treating it as part of a whole or in keeping w with the . 

ate addition, it is usually found that where refractory mater ial is being 


a, such as hard clay, and where much cutter power is necessary, that © - 
the | pump power r required also increases in proportion i: in handling - the larger — 


pieces through the pump and for transportation through the line. ‘Likewise, 


in soft clays, or in fine sand that is not sharp, little cutter ‘power is necessary . 


and less pump power is required due to the lesser friction in the pump p and 


These differences are adequately covered in Equations (1) to 
by variation in the values determined for. the constants therein. 


is ‘probable that future practice will develop more accurate formulas for 
dredge pumps, but Equation (7) has ‘been. found reliable for determining 


OF si 


The effect of w varying with the velocity i in the ape line told be | impor- 
for low velocities, or for velocities just. enough to transport: the 


solid material or particles i in the pipe line; but in commercial dredging opera 


2 


1 
: tions much higher velocities must be provided to reach some of the necessary 


aad economies, and for the velocities usually maintained—particularly i in the more — 
Z modern 2 ‘and high- powered dredges—this effect of the variation of w is not 
of high order. It has been determined in practice repeatedly that w increases a 


up to: a certain velocity. From point there is a certain practical range 
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1981 oN, N DESIGN oF HY DRAULIC PIPE-L 


od 
of which w w ‘is or less constant; that is, w is not imereased 


. materially by an increase of velocity. ~ Other conditions remaining constant, 
the dredge operator frequently finds this practical range of velocity by actual 
The results: of similar _experimentations may be used to 


determine the constants in Equations (1) to (10). 


4 = When a new contract is being started, estimates and calculations are made 


the best data available ‘Equations (1) to (10), in order find the 
practical and economic method of operation, including the economic velocity 

to be used. _F rom the output ov era few hours it is easy to determine whether — 
the economic velocity, has actually been reached and when the. dredge ered 
to exceed it. | _ Much of the work that has been done by the New J ersey has 
been done with only three of its main 1 engines, and these three not developing 
full power. 7 On other work that it has. perfor med the full power as develo ped 
by all four engines has been utilized. From this experimentation in a great 
volume of work, however, mostly. clay to date (1931), the writer is convinced — 

_ that the theory and practice experienced i in the development of Equation (10) 


is thoroughly applicable to ‘such hydraulic dredging. 


writer believes with Mr. aughn that when electric power is 


it is more simple and economic to use it on dredging. However, this ‘power 
supply varies widely in ‘different ‘communities, and for general utility it 
5 better to have the power plant aboard the dredge. In special localities where _ or 


“= 


the of the New w Jersey, efficiency was determined as follows: 
a time when working conditions were uniform, | arrangements ‘were made 


electric » power is readily available, the building ‘ol ' a straight electric dredge cer 


conducting a velocity test, as described in t the paper under “Economic 
‘Velocity Under Typical Service Conditions,” by injecting a ‘salt solution 
ie the dredge pump and noting the discharge of this solution at the end of ‘a ; 


line by the use of a small galvanometer at that point. During the period 


tl “between the injection of the solution and its discharge focen the line, readings 


were taken simultaneously at short intervals of the vacuum in the ce 
ine, pressure in the discharge line, motor input amperes, line voltage, and owe 


motor revolutions per minute. conditions fluctuated very widely 


the test ‘@isregarded. However, if these various ‘readings 


‘remained fairly uniform over the period, sufficient data were at hand to a 


pute the efficiency of the pump by ‘reducing them to values” of shaft horse-- 
power input to the pump and water horse-power output for the pump. roe. * 


~ Tn two typical tests the following conditions were observed oe The observed roe 


was 20.1 ft. per sec.; the motor speed, 300 rev. per min, the shaft 
_ horse-power input to the pump, 2760; the total head, 165.4 ft.; and the per- 


centage of solids in the stream, 9.2. The ‘computed efficiency of the pump 


in this instance was 68.8 per cent. — - ‘This test was made on the pump after 
it had been in service approximately five months. ll aN 


In the second case, the observed velocity was 2 20.5 5 ft. per sec. ; the moter 


Thre 


speed, 327 rev. per min. ; the shaft horse-power input to the } pump, 3 091; the 
total head, 197. 4 ft.; ar nd the nen 70 of solids a in the strea m, 7. 0. The 
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in instance was a hard and abrasive blue clay 
required an average of practically the full 600 rated h. of the cutter motor 
‘to maintain the percentages of solid materials indicated in these tests. Like- 4 “ 
Wise, the velocities indicated i in the tests were required | to move the material — 


uniformly i in the pipe line without undue precipitation of the e solid material 


In view of these and other similar tests made under varying conditions, 
it is believed that an average pump efficiency for this installation of (0% 


pee In Table 2 2 , “Economie Velocities U Inder Various C Conditions of Dredging,” F i 
4X it is true as stated by Mr. Vaughn that one set of values was s used for w, f, 7 


s > and p, and variable values of L. it is true that w will vary with the 

ria length of the line and the velocity, and, for some materials, f will vary with | b | 

Bsus length of the line independent of any va variation in w, but the variation | | 

in all ‘these factors is not great if the velocity is maintained approximately _ 

the economic velocity. Further, ‘Table. 2 shows the results of handling 
medium ¢ clay only; for a variation of material of f course other va values of some “| 

of these constants in the formula are used. The value of e was determined _ 

as described previously; the value of f by the reading of 4 
"pressure gauges at intervals along the discharge line; the value of n was taken . 


a 1.86 and that of p at 1.25 from the Schroder and Dawson formula for 


2 


Referring to discussion by Mr. Collins, the of justification 


assuming: a pump efficiency of 10% for the purposes of ‘computation and 
es comparison has been ‘covered to a certain extent in ‘the preceding remarks. 


; 4 However, there ; are several other details which may be discussed. «dt is quite 
= true that the ordinary run of dredge pump carries with it an efficiency of 


—«BS to 65 per cent. One reason for this appears ; to be that some of the possi- 


for higher efficiencies have been sacrificed in the interest of cheaper 
manufacturing costs and operating conditions. As explained in a 


another pump designed along the same Hines in which the efficiency 
aged about 10% over ‘normal operating ‘ranges. This: increase in effi- 
ciency was obtained by” several refinements of manufacture operation, 


some of which are inspection and renewal of liners and the adjust- 
: 3 


By the use of renewable liners. the pu its are 

BAS "maintained in accordance with the original design within close limits: and, 
differing ‘very much from. the ordinary plain cast ‘shell and impeller, 
ied are not altered materially by wearing or intentional 


pump, but of the motor, ‘should be given exceptional and 
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pat care in the size of a a unit, such as is used in the dredge, ton Jersey. in 


smaller installations such refinement in design is not ordinarily obtained. It 


not proposed that a pump efficiency of 10% can be assumed for any size a 
f or type of installation, but in this case the assumption w was s justified, as proved 
by subsequent t test conditions. 

water a and establishing various of by a series of conical 
nozzles to the _ discharge. . In this way the characteristics of the ‘pump and 
motor as a function of head or as a function of quantity of discharge were 


determined. . However, it is possible that the conditions obtained in such 
_ preliminary test would not maintain under the varying conditions of actual a 


« 


dredging service. - For this reason, velocity tests by means of salt solution 
were used under actual working conditions where there were momentary 
- y variations of suction and pressure as. well as fluctuations in the quantity of | 
a solid material p passing through the pu pump and through 1 various | points in the : 
ma line. . In this regard, it is considered that the u use of the salt t solution i ae 
e stream would have an integrating influence, so to speak, is in covering the an : 5. 
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RICAN SOCIETY OF CIVIL ENGINEERS) 


J. Am. Soo. CE (by letter). 100_Little has been 


outside of transcripts of Court t proceedings, concerning the ‘surveying ¢ of land — 


yA 
fie 
in Texas. _ Therefore, ‘this paper is of great value to “engineers in. this State. 
When it wa , admitted to the Union the State of Texas retained all its public 
domain, and the F Federal system ‘surveys “has never been established. 


its 


Probably this is due to the difficulty of of co-ordinating that system, or, for 

‘matter, any other system of surveys, with the old Spanish, Mexican, 
Republic of Texas land grants which are “discussed Mr. ‘Williams. 


Nor i is it easy to determine to what "extent, if any, the Federal Land Laws 
- affect surveys in Texas. In fact, it is difficult to learn the laws | governing ve 


~ such surveys because published information on the subject i is difficult to obtain. 
The principles stated by Mr. Williams, of course, have general appli 


in call parts” of the State, but some of the methods" discussed in 


paper have no such general ‘application. For example, it would. be quite 


- difficult to retrace an ¢ old survey line | by the marking of the timber, a 


- determine the age of a witness tree by counting its rings, in vast areas in 


the ‘western part of the ‘State where the trees are scarcely large enough | to 
afford shade to a jack- rabbit. . Furthermore, in that region the usual problem 


ij 

is ‘not solved when the original survey lines have been retraced because 

there still remains the important ‘and sometimes very difficult: work of re- 


“constructing the surveys: based on the original | survey Tines, are often 


“only random Tines run across a ‘large group of. surveys. 


The author has shown, in a most ‘interesting manner, 


descriptions of many of ‘the old land grants of former Governments. 


such « cases ‘it is frequently impossible to retrace or determine the original 
boundaries of the grants, and the only way ‘Settling in regard to 


Norm.—The paper by B. F. Williams, M. Am. Soc. C. E., was presented before 
meeting of the Surveying and Mapping Division, Dallas, Tex., April 25, 1929, and pub- af 
lished in November, 1930, Proceedings. Discussion of the paper has appeared in Pro. 
ceedings as follows: April, 1931, by Messrs. J. M. Howe and Arthur D. Kid id : 


Received by the Secretary, April 11, 1981. Bird. te 
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of an sur- 


needs of ‘the State. During the three decades following the Civil 


War large grants of land were minds to the public schools and wien to rail- | 


road. companies toe encourage the building of railroads in. the State. 

The school lands 8 were e usually | granted in solid blocks varying in size and 
Many of them were not surveyed at all, but were delineated by “paper 4 
Be field nates,” filed in the General’ Land Office of the State. In the case of — 
the railroads: the State issued certificates or scrip to the railroad company 
7 & on the basis of 16 sections, containing 640 acres es each, for each mile of track a 
built in the State, and to provide for such grants “reservations” were set 
aside within | which the railroad company could locate its lands and apply — 

the certificates. Under the laws in force at that time the railroad com-— 
panies» were required to survey the lands. ds. For fear the companies. would 
take up all the good land, all the water, and all the ‘mineral prospects, 


| State required that they take alternate surveys and, in ‘surveying the Jand, 7 


company ‘and the even numbered ones for the State. This ‘resulted in ¢ 
In one of these large grants it is interesting to note the manner in whic a 
‘regulations were met. When the work was ‘started a number of ‘gur- 


_veying parties were put in the field and for a time all s section lines” were 
actually run out on the ‘ground. Somewhat later a system of gurveys: con- 

me sisting of blocks, 6 miles wide and 8 miles long, was developed, and the sur- 


veyors ran out the block lines. Later, and farther West, they ran 
other block line, and, finally, “contented themselves. with running line 
ama a large | group of blocks; in ‘some cases, “no lines were run at all. 


= ‘The methods used by these early surveyors were crude and the difficulties 


under _which they worked, were “severe. The land was beyond the 
the survey ‘parties were usually accompanied | by ‘small n military escorts 
to protect them from Indians. There were 1 no roads arid 


‘Wagon team. Water and forage 


surprising that they got as ‘good results as | they dia; but, at | the 
‘inaccurate, and many conflicts: and vacancies have developed. Excess 
is almost universally found i in these old surveys. The lines were not run 


straight, and the brush was not cut; and it is said that it was the I aitioe 
of ma of the old s surveyors to add a chain at every “out” to ‘allow for the 


‘The law requires that a re-survey shall follow as nearly as in = 


the footsteps the original surveyor. If the ‘original surveyor left marks 
iy on th e ground that can be found and identified by bearings « or “witnesses, 


this requirement can be “complied with; and if he actually ran all the 
boundaries of a survey and set corners that can be re-established’ beyond rea- 
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q 


_ If, however, 
ran eile one boundary 1 ‘ts or random line across a 
1 § ra ont protracted the other lines, where are his footsteps on the ania Pp 
a 


Many surveyors hol hold to the ‘theory that the — variation actually used 
the original ‘surveyor should be determined and, with that variation, the 
other lines of the ‘survey ‘should be run on the bearings” called for ‘the 
_— original field notes. _ This theory | is all right for small tracts, s, but in sur- 
veys covering large areas where the curvature: of the earth becomes acon- 
siderable factor it is likely to produce incorrect results. 
specific case, the original “surveyor started at corner 
of a group of surveys which is two blocks (16 miles) wide north and south, 
and ten blocks (60 miles) Jong” east and _ west. _ The north lines of these 
ine are supposed to lie in the ‘Thirty- Second Parallel of Latitude. The 1 
| surveyor ran a zigzag line, following the valley of a stream from east to po) 
of His field” for the lines to 
ny be: north and south and east and west. — His « corners, | as found on the ground, 
are: sometimes north, sometimes south, of their r correct positions, 80 that ‘no 
two corners could be accepted as determining his actual: east-west lines, 
si since he apparently. neglected to correct his variation from time to 
time, a a general average of his corners does not give a true east-west line. | The - 
approved construction in this case is as follows: ‘Where two or more corners 
+ are. found ona line they determine that line between th them; all other lines are isk 
a - sounds simple, but working it out on the ground is no small eo 
1 ae Such problems as this are > frequently encountered in the 
of the State. Many si surveyors. “still ‘apparently | believe that the earth is 


square, and some weird results have been obtained. It is to hoped” that 
will be written on this interesting subject. 
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Messrs. EISN R, AND B. F. GROAT 


De thee E1swer” (by letter). me, —The writer agrees the author 
n attributing to Newton the enunciation | of the fundamental relation for — 


“comparability of forces, but it is not correct™ to read into Newton’s con- 
ception the + so-called “law of corresponding velocities,” as it is understood 
to-day, resulting from | the ‘special action of ‘gravity on the surface of ‘hs, 
earth. This law of corresponding velocities is a special form of Newton’s 


‘fundamental: relation and should be ascribed justly to Reech, Froude, and 

_ According to | Newton’ s _ general statement, the basic relation between 


“cor responding forces in similar systems holds rigidly for all kinds of forces; 
but, , except for certain. cases to be mentioned subsequently, this general state- 
does not in itself constitute a “law of applicable to models 


Sa 
of a definite linear | seale- ratio to the prototy pe. A true “law of transference” ot 


ment. ‘of similarity under the action of the forces produced 
by the physical properties of the chosen media and by the imposed movements. 


These physical properties other than density are “not taken into account 
in Newton’s general statement. That statement is one of the most ingeni- 


is in mechanical science, but with present- -day requirements for real and 
p 


ractical similarity, it is too general; ‘since, in the most universal ; manner — ba 
possible, it states only the fact _that forces acting upon masses produce | 


accelerations. Hence, the only it is density, or 


= - Notp.—The paper by Benjamin F. Groat, M. Am. Soc. C. E., was published in Octo 

ber, 1930, Discusion of the paper has appeared in "Proceedings as follows: 
_ January, 1931 by Messrs. H. Bateman and W. P. Roop; February, 1931, by Messrs. A. ve 
_ Karpov and Jasper O. Draffin; and March, 1931, by Ed. S. Smith, Jr., Esq. ; 


Head, Dept. of Applied Prussian Experiment Inst. for Hyar. ‘Eng. 


- Vereines Deutscher Ingenieure, 1931, pp. 
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EISNER ON THEORY OF ‘SIMILARITY AND MODELS Discussions 


in ‘space ‘since the specific weight, varies directly as ‘the ‘acceleration, 
oe eliminate all ambiguity the author’s notation for acceleration should 
be supplemented by differentiating between accelerations in general due to 
oi forces of any kind acting on on masses and the acceleration due to 0 gravity < on 
the | earth’s surface. For the purposes of this | discussion, the former will be 


= designated by b and the latter by the particular value, Then Equation 
4 
| 


which expresses Newton's s general relation for comparability should read: 
modification mes be applied to all the author’s deductions and discus- 
sions which deal with Newton’s relation | as from 1 the Froude- 


eS _ Newton’ Ss statement considers all forces without regard to their physical j 


ao origin, and takes into consideration only the | density or mass distribution, ¢. 
only pure mass forces, or those of the type, Fao are acting. 
requirement suffices for the establishment of similarity law. 


other cases, true laws of similarity are deducible only when the ‘special 
types: of forces (other than density) produced by the special physica! 


properties: of. the media are 2 also taken into account. ‘Then each particular 
a's wee true law of eilentiy expresses a definite ‘relation between the three 


basic unit ratios, ;* F, and T. If one of these is arbitrarily chosen (u ually 
_ the length, or the linear- scale ratio, L), the other two are then fixed by ie 


selected ratio ‘(usually ‘the scale. ratio), together with the governing force- 


"producing physical property, (other than density) of the media in the model 


and prototype. In particular” ‘ease “under consideration this ‘property 
Se governs the phenomena | and, therefore, pertains to this special similarity law. — 


a If, as in the case of Newton’ s general statement, the influence of the physical 


_ properties (other than density) is not considered, then, mathematically, F, ee 


of similarity” and no certain | practical possibility. of producing ‘model phe- 


nomena in reliable agreement with the prototype phenomena because every 


force than mass forces) 1 which the experimenter into action on 


and T may each be selected arbitrarily. In that event there is no o true “law 


are insufficient to ‘establish a true model law. | This i is ; the fundamental reason 


o aif 


a hy why Newton’s requirement should be regarded solely as a general state- 
and not as a law of similarity i in any sense (excepting, 
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‘This word “solely” is: to be regarded a limitation only as applied to 
"practical model construction and interpretation of model results. Of course, 
the most important and the most brilliant accomplishment was the original 


"conception of the general law (which includes all subsequent particulariz 


tions) ; but the immediate practical | application of such a law is often tinjioe: % 
sible or “unknown until particularization has been made. ‘The difficulty 


oo 


was developed by a different investigator ‘80 many generations after 


first enunicated the general statement are shown clearly by the history of the 
Equation (11) denotes geometric similarity; Equations (120) and (121) 
together denote general dynamic and kinematic similarity. Full mechanical 
‘similarity is ensured only if in a geometrically similar model similar paths At 
are described in ‘corresponding times ‘(requirement for kinematic | similarity) 
— the free action of the natural forces produced by the physical prop- 
erties (special dynamic similarity). or the other ‘of Equations (420) 
and (121) may be replaced by an equation denoting similarity of ‘ ‘correspond- i 
ie ing” times. In any event there are three independent equations in L, F, and “ 
. . the solutions of which give values” of the three basic unit ratios, which : are 
Fiore expressible in terms of any single one of them as is necessary for the 
expression of a true law of similarity. 
Such a law eannot be obtained until a fourth relation, Equatio 


involving some physical ‘Property other than density, is ‘introduced. Each 


= 


is, the effect of the earth’s attraction), capillarity, ete.,: requires a paxtloulay = ; 
form of Equation (21) ‘resulting i in a particular solution ; that : is, expressing ah} 
a particular relation between CD, and T, making possible the expression 


two of these unit ratios in terms of the third. 


oie order to obtain the clearest and most precise statements possible of the 


for a mechanical law of similarity the physical properties (other 
gaia density) should be introduced solely in their kinematic form thus: “te 
kinematic viscosity; g = —, kinematic specific weight or earth gravi 


tation; «= kinematic modulus of elasticity; ete. af The introductio1 


of density according to Newton’ general assumes in advance 
the: requirement of general dynamic similarity. This is a new and a very — 
properties other than density enter a problem, 
either the results obtained are entirely irreconcilable throughout (that i is, the aa 
only possible model is the prototype itself), because the choice of model media 
1s so limited in most cases that it is practically impossible to obtain a reason-— 
able model-scale ratio, or the establishment of perfect similarity is not possible. 
This condition ‘Timiting th the has been designated 
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ISNER oN THEORY 

in his lectures at ‘the Technical University 
“Zusammenwirkungsgrenze” (literally: “together-working limit”). 
In the entire field of ssaaikael model : science there are many other limita- 

oe tions. . In the special field of laboratory practice for the solution of practical a 
hydraulic engineering problems seven limits are -Tecognized by the writer. 


characteristics of seven limits; the means of 

may be possible; ; the cases of “incomplete’ > and ‘ “empiric’ 
‘similarity; the cases of a predominating physical property ; the very important 
question of obtainable accuracy and its influence ‘on the scale ratio; 
BS ees other aspects of the problem are all discussed i in the writer’s contribution to’ 
“Handbuch der Experimentalphysik” *. An abstract and some new view- 
a points are to be found i in the “Handbuch der Physikalischen und Technischen ¢ 


Mechanik” There is also a brief sketch in the “Physikalisches Hand- 


iy) As emphasized in the foregoing remarks, Newton’s general. Sng 
et <e embraces similarity i in general without specific reference to particular physical — 
properties, except density. The elaboration and extension of the general state- 
ment to specific physical properties and the ‘resultant possibility of model 
‘construction (that is, of bringing into action on a model the actual forces 
one due to the properties of the model media) must be eredited to later  investi- 4 
gators. ‘ An excellent summary of all these laws covering not only mechanics, 
a but the entire field of physical science, is. given by Weber® in two well-known. | 
Papers read hefore, the in 1919 and 1929, the 


is chiefly concerned: tay of Gravitational @) Law 


of Gravitational ‘Similarity | —This or to. use. ite exact 
“name, the law of “corresponding was first enunciated by Reech i in 


waves at the surface of contact two fluids of 


w of Viscous Similarity. —The author ascribes this law to Stokes. a 


BB, Hisner, “Offene Gerinne,” Tome IV, Pt. 2, the “Handbuch der Experimental- 
a — ” by Wien and Harms; Verlag der Akademischen Verlagsgesellschaft, Leipzig, 1931. % 
Pp, Nemenyi, “Wasserbauliche Strémungslehre,” Tome Vv. of the “Handbuch | der 
Physikalischen und Technischen by Auerbach and Hort, Ambrosius Barth, 
More than 400 articles and references to Hydraulics and Hydrodynamics, by F. 
_Bisner, L. Hopf, 8. Erk, and O. Schrenk, 

‘Springer, Berlin, (Second Edition only.) 
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"analysis through to of a of viscous similarity. 


i the e development of a correct expression f for viscous tension were the deter- Pan ; 


to Newton rather ¢ than to Stokes. a matter neither 2 Newton 
Stokes succeeded in establishing such a law. That should 


Stokes the has indeed ne never been ‘of such inaccu 
% racy. The history of the development of the law of viscous similarity shows 
the difficulties of particularizing Newton’s general statement into a 
practical and usable specific law of similarity. = = 
(8). —Law of Elastic Similarity. —According to Weber®™ this law is to | 


—Law of Similar ity. he writer (since 3000) has aitributed 


ct 


capillary similarity as “Weber’s been fully by European 
‘scientists and likewise has been been adopted” by J ohn R. Freeman, Past- President, — =~ 


characteristic expression based containing the governing physical 
a property. _ This number, as is known, must be of the same numerical value — 


“i in the model as in the prototype, in order to produce similarity. a In the ik 


| European notation, the Froude- Helmholtz Number is designated by F; the 
Reynolds’ Number by R; the Cauchy Number by C; and t the 


_ The author’s ‘Equations | (16) and (17) involve the simultaneous onion 


f gravity and viscosity. In this case, ‘the possible values of t the ratios, 
7 and T, lie within very narrow limits, because the variation of gravity 


2 obtainable b by natural 1 means on t the earth is exceedingly small ll and the range 
viscosity of the ‘commonly available fluids is restricted by practical con- 


sideestions, such as Jack of transparency, evaporation, diffusion, ete. Thus, 


a scale differing from ‘that. of the prototype or the 
limit” ” it encountered and no model i is ‘possible except the 


Exactly the same reasoning holds for the author’ Example which 


involves the simultaneous action of elasticity gravity. ‘His ‘Equa- 

tions | (29), (30), (31) are identical with -Cauchy’s law of elastic. simi- 
“larity. Equations (37) (38) indicate the. resulting “ ‘together-working- 

i “limit. Again, the only model possible i is the prototype itself. ot 

author’s Example 2 2 involves the simultaneous action of gravity, elas-— 


ticity, and viscosity. Hence, the three dimensionless numbers of Froude, 


Cauchy, and Reynolds. must each have the : same . magnitude for the model — 


* “Hydraulic Laboratory in 1929 by the Am. Soc. Mech. ‘Engrs. 
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‘Discussions ig 


The « Equation (40) 


The numerical equality of this 
8 not, as indicated by the author, 


to satisfy the condition ‘ir mechanical ‘similarity—namely, ‘th 


_ each of the three individual factors, F, C, and R, in model and prototype. 
author’s development of Example 2 is nevertheless instructive and very 


valuable in ‘showing the “tremendous difficulties of arriving at a "practical 
olution of problems involving the “Zusammenwirkungsgrenze. 
‘The writer does: not share the author’s ‘optimism as to the possibility of: servi 

finding suitable media or even of. creating artificial media adaptable ‘for 


paix 
pe ac 


of available materials are 80 well known and their range of applica- 


of establishing a 1 a new w branch of engineering. The ‘illustration of 
a ship ‘model in mercury i is not well chosen beewaee;: despite several theoretical 
advantages, the use of mercury practical disadvantages. 
of the adhesion phenomena between hull and water in 


prototype and hull and mercury in the model tank would 


| 


wave and wave- -resistance effects. ‘The opaqueness of the mercury would 
prevent visual | important subsurface flow 


phenomena and , furthermore, the prohibitive cost of installing and | operating gs 
-@ mercury- -filled towing tank « of adequate size is in itself enough to eliminate 
ie ‘The author has included an historical: ‘treatment of ‘the subject, and he 


; and timely subject of model 


3 


: 


in Germany, several similar studies have been m 

presented in the two important papers by Weber 
articles summarize the knowledge of ‘the theory of similarity and “model 

science as well as its: history, but they. do not treat of the limitations in 
practical application. i he 

hydraulic engineering have ‘been fully discussed by the writer? 

writer wishes to express his thanks to H. Kramer, Lieut., Corps of 
Engre, U. S. Am. Soe. 0. and Lt. H. W. Ehrgott, Corps 


their willing co- operation and critical in 


—Engineers and 


those necessary features which convert models from: indirect u 


ontors to direct | primary tools for accurate design. 


This does not mean that one‘ may not prefer and use the 
field for those 
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ON THEORY OF SIMILARITY AND MODELS 


and add to their professional equipment a 
branch of research; a branch which enables one to make a theoretically cor- on 
pest solution of any dynamical or statical problem of design, even though is 
no analytical theory 1 may exist for such solution. \ 


it also means that there is” a ‘great “opportunity for engineering research 


a 
"of ‘the: most sort: since it is necessary | to formulate suitable tech- 


ating their properties, or both, so as 
rvice as constituent parts of models = 


a he research engineer who advances the part of the technique just men- 
io! ned. will find plenty of glory in his successful achievements, The real prime ae 


‘stone of any branch of engineering is an independent body of Pa 


free- thinking -eapable engineers, 1 who have no ‘restrictions placed upon their 
activities, inventions, and writings, and who therefore, may proceed to make — ay, 
ia themselves real promoters | of the advancement of engineering sc science. 

‘Tl ve No capable engineer should dismiss the idea of espousing Newtonian model | 

el engineering as an accurate technical system for design and research. | Correct Ms td 

— model | engineering can supplant the most accurate analytical method. a: 
_new branch of engineering is constructed of the same elements of exactness — 

| as the analytical method, and it may be applied when the analytical method — og e 


is deficient, of application, or wholly wanting, all of which condi- 


which inv dive 
physical ‘relations. ‘Thus it is, that engineering: stands: 
“upon the same footing that ‘supports the analytical ‘method, namely, exact: 
It should be most ‘carefully observed that the writer does not criticize the 


ig 


siastic admiration for their famous achievements—but the successes of 
_ engineers cannot in the least be ascribed to : » any inherent virtues of the models — 


- which they used. It would be far more nearly correct to state t that the type Be 
if f model engineering they used w was rescued from total failure by the out-— “ 
‘enna ability displayed by the ¢ engineers, two of the greatest t of whom » were a 
The most careful scrutiny reveals that the advantages" ot true dynamic 
- models have rarely, if ever, been secured. In every case it will be: found that 
: much redundant experimentation, unnecessary work, or pure speculation, was wie 
made to arrive at questionable relationships between a proposed structure 
and its. model. _ This has. been carried to such an extent that there was, in 
the end, no unique use for the model, the performance of the prototype having 
been independently determined by more or less ‘reliable methods with which — 
the > engineer was familiar. | _ Even the definition of the word “similarity” has Nae 
been involved in obscurity. In all writings on that subject it will be found 


om although the word has been used repeatedly, no adequate definition has 


the writer’s paper (see “Historic — 
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ON ‘THEORY (OF AND ) MODELS 


> sie some of the discussers il entirely. ‘to grasp the ideas advanced by the 


77 


pee tig it will be justifiable to_ ‘mention some of the original features of his 
paper, at the ‘same time that the foundation stone upon which he 
builds, , was by Newton theorem quoted. 


ok 


e three principal original features of the paper are: 


Association and ‘solution of (12), (12), (20) and (21), 
a to develop the general specifications for any true dynamic model © 
(see “Summary of Equations of Similitude”), 
ay First discovery and publication” of the fact that true dynamical | toman 
- gimilarity depends only on the respective dynamical properties | 
ae sf wd fay of the materials for the model and prototype, and on the gen- 
ae | wage eral conditions under which they must work, but not at all upon 
A the form or action of either of these devices. — It is this fact — 
which places true dynamic model engineering upon a ener 
eally exact foundation of its own. 
(3) Explanation of the general nature of the technique: 
materials and produce conditions by means of which Newtonian 


model engineering may be made effective. fot 


The method ‘is proposed to the designer as as a direct, theoretically exact, 


eee means for arriving at the proper construction and operation. of all 
types of true models to serve as accurate primary tools for the design of 

_ engineering works generally, including, for example, steam turbines, hydraulic 

turbines, ships, aeroplanes, submarines, buildings, extensive water-power ‘pro- 

8s 7 here is no limitation to ‘the applicability of Newtonian models 

purposes, 1 whatever may be the conditions and properties | of materials 
and fluids to be suitably represented i in the models by different materials and 

Such properties” and conditions may include: Sliding friction, 
friction, elasticity, fluid flow and viscosity, electricity and magnetism, cohe- 
sion, eapillarity” and surface tension, mass attraction, gravity at the earth's” 
_ surface, acceleration generally, and any other dynamical characteristics, per- 

haps including the ‘dynamical features of chemical affinity and the 
odern atomistic theory, if _ should be so enthusiastic as to delve into 

uch interesting questions” 

While such studies are highly instructive, is clear that the 


even its “failure” before have an explanation of “their: own 
“difficulties and while they still seem compelled to use Newton’s laws in the 
usual way ‘most of ‘their work. Nothing jllustrates better the force of 
fashion, even in science, than the present outery against Newton’s laws by 


“Tee Diversion, Hydraulic Models ‘Hydraulic Similarity.” Transactions, Am 
Soc. C..B., Vol. LXXXII (1918), p. 1138. DIOW Sh} 


2% See “Atomic Structure and Spectral ” by Arnold Sommerfeld, translated from 
. Brose, about ‘Molecules ‘and Quanta,” by 
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those who continue to use them. truth is that those who fall into the 

| fashion, really do not understand the true situation, thereby making exagger- 


Equations of Similitude—When the model has been constructed 
according to the principles explained in the paper, and is ‘then properly set = 
in operation, it will, in all essentials, be a theoretically exact reproduction * 
of the ‘proposed s structure, or works, of which it is 2 true model. The syste- 
matic « conditions may be made clear by reference to Table 3, which furnishes _ 
a general basis, or program, for the branch of design which the writer 
describes | as “Newtonian. ‘model engineering,” or t ‘the technical of 


>. constructing any model which is to phen, with theoretically exact New- 


TABLE 3.- —Cuaracrer OF E Equations OF SIMILITUDE. 
nh 
ct | No. Type of ‘similarity. of. the by the equation. 


.| Geometrical... . ...{ Form and position only. 
Kinematical............ Similar motions in similar times. 
Physical................| Dynamical properties imitated in suitable n manner, 


5 


oe... is to be noted that Equation 1) is not itidopetieis, ‘thus, the ‘othe 


_ three equations determine L, F, and T. _ Equation n (21) may “represent two 
or more equations involving as many ‘Physical constants, in which case the 
additional constants are” to be ma made consistent by “adjusting” their values : 
by the artifices of model engineering as illustrated i in the paper, and as may , 
be devised by the model engineer at different times to suit the occasion. ere ; 
= Pa... Equation (21) (Table 3) the imitation need not be visual, or sensible, — : 
but merely virtual. Effective ‘dynamical similarity i is the essential requirement. a 

It is well known, for example, that certain forms of rigid bodies are exactly 


equivalent in the dynamical sense without being geometrically Similar.” 


ee Geometrically dissimilar rigid bodies which are re dynamically equivalent ina . 
vacuum may not, however, be dynamically equivalent immersed in 
the | fluid. One must be very careful about departing from geometrical similarity. 
into The writer does not advise it except with the greatest caution. 
We 4 (2) Statistical Method.—There is another feature of dynamic models which 
the should be thoroughly understood. ‘This applies ‘especially to. models of fluid 
n of flow. When the engineer uses the analytical method in arriving at a design, - , ti 
that | he usually deals with hyy ypothetically stable conditions which have no existence — ee 
ics.” | im fact. Lines of flow are assumed to be fixed and the flow along them i ~ bes x 
own assumed to be steady. In the case ofa _ dynamic ‘model, as a tool of design, — 
1 the the er engineer is applying a “statistical” method; that is, the actual motion is, a 
ce of ff mone respect, like that postulated i in the kinetic theory of gases, in which the 


actual configuration of the system is never twice the same at ; any two distinct at 


instants, but in which the average condition, as deduced by Maxwell’s law 


(application of the theory of probability), is perfectly stable, althoug any 


as 
| 
— 
, 
i 
1 
4 
— 
all 
of 
7 
lie 
and 
— if 
NS DY 
d from 
ra,” bY 


GROAT ON THEORY OF SIMILARITY A AND MOD Discussions 

actual may never be he one indicated by the average—the system 


may never in its | state. _ Theoretically, similarity can be 


nd fill can be determined : 

Hence, one concludes that if he his" model observations: 
neasures| which give the proper statistical averages, as to the pressure 


4 | 
e on the side of : a containing reservoir, he need not invoke the kinetic theory, or 4 


the theory of probability, if the result is simply to be another average 


-deducible by known means from such observations upon the model. will 


be | proper to explain that, in the paragraphs preceding Table “the writer 


_ did not mean that it would be of service to use the kinetic theory of liquids 3 


mit in the > study of turbulence, but, rather, to ‘study - ‘the rate of formation, and | 
an eed the distributions ¢ of sizes and rotations of eddies. “Of course, this would not be 


Soa as is satisfactory as an ‘exact determination of the mechanism ‘of turbulence. —= 


ae 


aa cure 2 In what follows, some questions raised by the discussion will be treated in 


am more or less connected discourse based upon the writer’s s studies and experi- 
_ ence, the intent being to illuminate the situation for the benefit of those who 
are interested ir in accurate dynamic models, especially as related to the science 


with so much complexity, 
ar that one is very at not to realize the true ‘simplicity of its nature. _ An effort: 


will be made to indicate the true ‘status of these sciences of fluid dynamics: “they < 


‘that one may have a grasp of their nature without having to differ 
“The success of model engineering, like that ches of engi 


neering, depends upon the knowledge and judgment of the engineer in charge. 
23 


ey He must be careful to. see that all. actions | likely ‘to have ‘an appreciable 
influence have received his: attention. In the gas problem (Appendix 
“} Table 2), it was as necessary to have ‘regard to the elasticity (compressibility) 


wer of the fluid, as to the viscosity. ie In a problem of a different type, this may 


ie not be at all necessary, as, fe for example, when one experiments with a model _ 
t 


ane conduit for the sole purpose of ascertaining the coefficient: of fluid. friction. 
of the. flow a liquid which is "practically incompressible, _ However, let 


iy 


the e engineer in all such cases peice both ‘the ‘temperature and. viscosity, for 


it is upon» these ‘that all hydraulic friction depends, as pointed out in the 
paragraphs: in the paper preceding» “Conclusions. Example 2 is 


which the compressibility of a gas has been neglected for ‘reasons: explained 


Whether or not it is necessary to take account of the elastic properties 

“ of fa gas depends 1 upon the extent to which such properties will be exercised in 

model. Generalized, this is true of all properties of materials. The 
question of fluid ‘elasticity (compressibility) been stated clearly. i 
Example 2, but it may be repeated that the elasticity of a gas “may be 
provided for by proper control of the pressure, as was the case in. Appendix 


The reason for this is that the pressure - has the same dimensions as as any es 


joduli. Furthermore, ‘it is important to notice that the acceleration ratio 


4 


(in a closed pipe system, for example) | can be controlled by the pressure ratio, 


, where it was shown that the aceclera- 
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ON THEORY OF SIMILARITY AND MODELS” 


‘iii * This will be a most valuable fact to remember, when the question 


of the flow of a fluid in a closed pipe is involved. The teil will be very 


degrees of accuracy, but that has only favorable bearing on the principles of 
Bertrand’ Models—In 1848, M. ‘Bertrand discussed Newton’ 

_ theorem in a paper entitled: “Note sur la Similitude en Mécanique é es 
this, Routh states that the was “much improved. writer 
- thinks the proof of the theorem was a secondary matter, and that the» title © 

the paper ‘shows clearly a fact of much greater importance, namely, that 
os Bertrand had probably been the first really to read from Newton’s theorem — 
“of similitude the possibility of actually constructing a dynamic “model 
certain cases, illustrating his ideas by proposing models of several machines, — 


including a hydraulic turbine and a locomotive. Bertrand even mentions 
a ‘substance which might create a ‘proper. ‘coefficient. of rolling friction for 
- the wheels. — Evidently, however, he did not seriously have the idea of using — 


| different 1 materials, conditions, and artifices in the model, which would create 
exact similarity by suitably altering | its physical properties and mechanism, 

7 because he clearly states that rolling fri iction requires a condition not at all. 
GS ay that is, a . coefficient reduced to one- -fourth the value of the ca 
Bertrand anticipated ‘Reech, Froude, ‘Helmholtz in 


Bertrand’ discussion | of similitude, showing that dynamical equations of 
similar systems must be identically equivalent, seems to anticipate Stokes’ 
discussion t to the same effect in the paper on pendulums previously discussed 

- (see § ‘Analysis of Stokes’ Remarks upon Similarity”), but Bertrand did not — 


use any property equations, such as the writer’ 8 group represented by Equa- 
‘tion (21), which are to be combined with Equations | (1), (12), and (20) 


The writer has demonstrated by. ‘Eenations (11), (12), (20), and. (21) that 


“similar systems can be constructed and set in “similar motions by 


model engineering, whatever may be the form and conditions of the prototype. 
Fundamental Corollars “—The possibility of a 


and (21) in view of the fact that Equation (21) represents as many eavations, 4 


important corollary, may be read from the relations a as : follows : : 


ees The advantages of constructing a Newtonian model to the ‘actteaiishe 
ie by Equations (11) , (12), (20), and (21), lie in the fact (proved by 


their solution) that the method upon the given materials of which 


Also a corollary of theorem decustion stated in 


& 

Fi 

t may be turther suggested that one need not be too punctilious abou 
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but not at the, type, form, or motion of the 

- structure (prototype), or of any of its parts—the method ‘makes the ratios of 
* ~ homologues independent of every physical constant and coefficient which can 
be associated dynamically with the structure, with its model, 7 with = : 


oe - This corollary is a generalization which includes, as special « cases, the « con- 


ditions described in the paragraphs Equation (45) relative to the 


expressions “eliminating gravity” and ‘ ‘non- -accelerated motion In fact, 


by the paragraphs | referred to sniterhit be taken as including a statement of the 


i dh: Therefore, the designer needs no correction factors for his experiments 
ae the model, other than the “conversion ratios,” all of which may be 
- derived immediately from the ratios L, F, ‘and T, as found by Equations (22), 
(28), and (24), and as mentioned in the paragraph preceding Equation (2). 
‘Even these will be “unnecessary if he 
watches,” in making his observations, as described in Semple 2, and i in ‘the 
reference there given. mn 


of pen prototype and needs n no correction 


mate for the model, or of devising 


to the: tests of a model of other 
F or two fluids aprentiek by gravity the corollary shows that this has no effect 


Se similarity i in a true dynamic model constructed to. ‘the specifications of the 


Classification of Coefficients. —Ooefficients cannot be understood until 
they are classified. - For this purpose two important distinctions must be 


type. or “non- 


or 


importance of the first distinetion lies i in expressed generally 


purely dimensionless (Class b), its values i in similar snare will be identical. 

Hence, in similar systems (model and prototype), dimensionless coefficients 
self-cancelling from all ratios of homologues which contain them. The 
Lore model ‘engineer, therefore, may disregard them, a as having ‘any material | bear- 
ing on the construction and testing of the model. 5 There is just one caution— 
must be by the engineer tos see any particular coefficient in 


“a Transactions, Am, Soe. Cc. E., Vol. LXXXII 1171. at 
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As an example, the « coefficient of sliding friction i ‘usually considered ‘to 
: be dimensionless ; thet 3 is, as the ratio of two forces, or as the tangent of the. alte 


the kind or character of or the “sliding 


is changed, the value o of the coefficient change Thus, 
the tio between the.* “friction” and the ‘ 


is a joint property of the 

materials, and, therefore, cannot be regarded as being upon 
hes ratio of friction to pressure. Henee, : a theorem is established : Hide 7 

‘Theorem I—As related to a dimensionless property coefficient (Class 4 

, material acts as a “dimension” and cannot be changed in a model without a 

requiring a compensatory adjustment of some kind, with the prin- 


= 


Theorem I ‘raises, s, therefore, the second broad distinction between ¢ cook 
T ‘he important characteristic of or “non-property,” 


or the prototype, for example) with which it is associated. _It depends eg 


upon the ratios of like kinds of numbers, including not ‘only » the ratios of ef 
geometrical also the ratios of like property ‘magnitudes 


upon. the form, and action of the (either the model, 


the same system fox the 1 ratio ‘of a modulus’ of 
/ elasticity of the steel reinforcement. of a concrete beam, to the same kind: 


“certain like ina given system; whereas, dimensionless property 
“coefficient of certain’ features in a 


Class 8), but _that ‘some dimensionless may. be with 


It will be» much worth while to ‘study further the: of 

efficients, that is, purely dimensionless coefficients (Class b.). By the fore- 

- going, ‘such coefficient must be the ratio ‘of an a action (or characteristic fea” 4 
ture) at one part of a system, to the same kind of action (or characteristic 

feature) at another. part of the system. For example, the thermal efficiency 
of a a a steam engine is a ‘coefficient of Class By, since it is the ratio of the: 


“energy the engine to ‘the energy supplied in the fuel. Tn. this 


accurately these equations were not or even n only 
known, the efficiency. of the engine would become a purely empiri rical coefficient, 
“which eould be found only experiment, either upon Newtonian model 


or upon the engine itself, or its ‘equivalent, another engine of the same size 
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ON THI {1LARITY AND “MODELS Discussions 


"kind and grade of fuel, et. ea od f 
= hae Ee It is important to fix clearly in the mind just why a purely dimension- : 
Tess, coefficient is calculable when the theory involved is complete. The 

_ Peason is that the complete theory represents by equations all things of the 
same type, so that all the parts, motions, and performance of an engine, for 
example, can be determined by the equations of the associated s science; that is, , 
the output and the input, and , therefore, the ratio, are calculable. If : any 
part, or ' action, of the mechanism of a given system is not correctly and com- 
pletely represented by the equations of the science involved, then the theory i 
is incomplete and the equations must fail to give a solution; in which | 
case, some, or all, of the dimensionless coefficients « of the system cannot ie 

Let it now be observed that when the theory a pa 
complete ‘and correct, all the type coefficients of the system become ewty 
re to the solution of any problem of the system. _ In other. words, | 


‘Theorem II. —The ‘necessary use of a purely dimensionless is 
an infallible mathematical criterion that the complete mechanism | of the 


limensionless coefficient: must. be introduced in order to effect an “empirical : 


‘The failure to obtain a rational mathematical solution i is not due to the - 

nature of the problem, but to the ‘nature of the equations—they | do not 
“represent the system. ‘The cause of every a in engineering is is 


atical difficulties of is here considered solved if the 


conditions of the problem can be introduced into dynamical equations ( includ- 
ing ex experimentally constructed curves, 01 or tables), which, when solved by any is 


process (say, by t trial and error) must necessarily give exact, 
Class” 1.—Property Coefficients, or Physical Constants—Examples of 
‘constants” are, the “ ‘constant of mass attraction” and the acceleration ‘of 
gravity, at a fixed position on the earth’s surface. Examples of variables are: 

ity, ‘specific we weight, and density—the density of a depends 


upon temperature and pressure. Among the property c constants as ordinarily 
ssumed are: (a) “bi-constant’ ” systems of isotropic elastic coefficients 
. now in general use ;* (6) the elastic moduli, , pliabilities, and strains, which 
are functions of Coefficients (a) ; (ec) the coefficient of viscosity; (d) dese’ : 
cal electric and magnetic constants; and (e) any other fixed properties of € 


materials, o or conditions under which similar structures must work. — 


-™One can find no better assemblage and elucidation of the principles of elasticit 
habcanet given by Professor Bateman under the title, “Dlasticity,”’ in the Fourteenth | 
of the Encyclopaedia Britannica; another source of first importance, is 

t “Histor Appendix b, on notation, gi 
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pendent elastic constants, or moduli of elasticity. 

“Ht Coefficients of Class 1 measure the dynamic physical properties with which 

model engineer principally concerned. An improper value of } ‘any 

coefficient of this class i in a model of a proposed, or existing, structure would 

destroy the similarity - in a “measure dependent upon the discrepancy. It is 
_by proportioning correctly each of the > coefficients (Class 1) in the “model, 
. that the engineer imposes the ‘conditions of true similarity. In this sense, a 
‘the scale-ratio may be treated either as a physical constant to be suitably 
“adjusted, ” or as an arbitrary constant against which all other affected prop- 
erty constants must be matched in proper relation. By allowing the scale- 
ratio to be somewhat dependent, it may render the ‘use of certain materials, 
othe conditions, permissible, when that is desirable. AN such adjust 
- ments and requirements are | properly ‘indicated by | Equations (11), (12), (20), 


and (21). J! Any dynamical science depends upon properly determined (hypoth- 
-esized, or experimentally established) Class 1. coefficients which are entirely 
independent of size, form, and action, of the particular apparatus involved. 


postulates of the s science, as, for ‘example, the coeflicient unity in 


k= = 1); or the of viscosity as. as Newton, which. 
all problems in pure viscous flow, but fails completely in problems 


turbulence, for want of knowledge of its complete functionality. 
(7) Class 2—Type Coefficients, or Non- Property Coeficients—AlL these 


| coefficients are ‘dimensionless, and may be better illustrated under Class: i 

4 (See remarks» under “Classification Coefficients. Confusing the idea 
is of the two different ; values 0 of the same type coefficient which generally result oe 
| from two different adjustments of general conditions of c ‘operation of the 


same mechanism, with the herbert two values of the same type coefficient for 


tw wo distinct but similar n mech 


the latter “case, they are necessarily the same. These occur 
‘Hence, in considering the theory of models, no attention need be g given ‘to. 3 
the variations of type coefficients in one and the same system, since no conclu- 
sion as to the ; accuracy of models can be reached thereby. This results most ate 


clearly: from the equations of similitude and their fundamental corollary, 


- tally, or he is certain ‘to ¥ waste an immense “amount of time in redundant 
Tabor | and effort. For ‘example, it avails : naught to ‘think of the size, form, or 
ervice, of a reinforced concrete beam as having any bearing on the speci 
fications for the construction of a true dynamic model because a Newtonian 


= model depends only upon materials, physical constants, and the general Gp 


Class b—Dimensionless, or Self- ‘Cancelling,  Coefficients.— —The case” 
(Of a dimensionless roperty coefficient has been illustrated under Article | 5 


ation. “Classification of Coefficients,” includes a cautionary” remark calling 


5° 
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THEORY OF. 
attention to the importance of bnavin: that such coefficients had been made 


od 


|... The fact that Poisson’ 8 ratio is calculable by the elastic formulas, whereas, q 
ae aay ‘ges coefficient of skin friction for turbulent flow cannot be calculated by the 
formulas, of hydrodynamics and aerodynamics, is ‘positive mathematical 
a criterion that the mechanism of elasticity is well represented by the elastic 
equations, but that the 1 mechanism of turbulent flow of fluids i is not represented — 

by the present equations of fluid dynamics. When the ‘mechanism. of turbu- 

Jence eddying motion is properly introduced into hydrodynamical. and 

aerodynamical equations, the dimensionless coefiicients of hydraulic skin fric- 


tion will become calculable in either science, as Poiagon’s tatio is 


Let it be ‘observed that. no ‘coefficient of. hydraulic 


ction is negeanary : in the case, of pure viscous fom, sagardlon of the nature 


of fluid dynamics throughout the, of turbulent flow? (See Article 14) 
$6 Poisson’s ratio and the. coefticient | of hydraulic skin friction a are both dimen- - 
sionless,. -and,. _ therefore, both are self-eliminating, from problems of true 

model construction. iy The model engineer need have no regard for them at 
all when he designs his model according to the requirements “of Equations 
i, (11), (12) , (20), and (21). When the property coefficients of. the materials 
we conditions| of the model are properly adjusted, by means of these equa- 
tions, all purely _ dimensionless -coefiicients “become. cat automatically 


adjusted ; in their proper ratios, expressing what Professor Bateman would 


: 
ponent these dimensionless coefficients depend only upon 
a _ the types of their respective systems, and as these | systems have been made 


dynamically similar in the Newtonian sense by the model engineer, the values” 
two corresponding, or | coefficients must be. 


He. similarity by the e engineering control of all acting 
cal conditions. _ These > dynamical conditions are very much limited in number 
n fluid dynamics, just as the generalized « co- -ordinates. of problems in rigi 
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THEORY oF SIMILARITY AND 


4 
if R (scale) is ted as a property, or ‘condition, , the 


uch constants which the writer has encountered in the problems given, is” 
Bee six. Finally, therefore, these dimensionless coefficients camel from al 
Tatios of homologues which contain them. They disappear from all relations 
between the model and its prototype. ‘Hence, all efforts tc to treat such coeffi- 
¥ ‘eients individually are wholly redundant in Newtonian model engineering. 
an _ One more suggestion may be appropriate. Some physical coefficients have 
not been properly determined. It may have been imagined necessary ‘to place 


i ins a term the ‘dimensions of which were such that le term ‘gave 


experimenter to do this with effect. may mean that doing it with | 


be. single coefficient when more than one is needed. 


(9) Limit Coefficients, ‘Arbitrary, or Natural.—This type, as an arbitrary 
limit coefficient, i is well represented by an arbitrary limiting safe stress in a _ 


a material, while the natural limit coefiicient would be represented by a modulu 
ae, ot ‘rupture. | Ifa model, for example, is to. have a correct modulus of rupture, 
the material of the model, must have the property of rupturing under the 
proper “model stress.” the ‘usual method of the past this condition has 
frequently been produced by an artificial loading, with use of the 


- any other branch of engineering—it advances along its own special path. es In 


of course, the character of the research will not be concerned 


m6 oefficients. —In the broadest view, | 
a system every kind 


od 
ratio of t 


may be looked upon as a type coefficient, or proportion, , of the 

ee the dimensioned coefficient is not divided by its own dime sions, it 


may be both multiplied and divided by them so as to produce a term. or factor 
ontaining it, Reynolds’ number i is a good example. it i represents th the rat 
length and velocity to kinematic viscosity. Thus, ‘the engineer, in fram 


and 


b, coefficients previously described. Thus, these 

ing ‘type factors, or proportions, of the ‘respective similar _ systems (Gust 
De typified by Reynolds’ number) must have identical values i in ‘systems which 

have been made dynamically similar by the model engineer. Hence, they 


must cancel, a nd w ith them the dimensioned coefficients which _they contain, 


createst_ number of 
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been shown that dimensionless coefficic ts cancel, in dynamic 
act Theorem III.—All coefficients of every type vanish from the ratios neces- 
‘sary to connect experiments upon the model with corresponding experiments 


_ upon the prototype. And, a curve giving the value of an experimental dimen- 


_ dimensionless number appurtenant to the model, will coincide with the corre- 


sponding curve plotted against the same dimensionless number for 


‘This, of course, is just what is proved generally ‘by Equations (11), (12), 
excellent. of the proposition is the following rea- 

a soning - taken partly from letters of instruction written 1 by the writer in J uly, 
1998: In the case of turbulent flow in a 1 pipe or « open. channel, the friction 


= length of, or reach of, the pipe or channel; 0 


» = actual mean velocity in the cross- section; 
dimensionless coefficient of loss due to turbulence; 


kinematic coefficient of viscosity; { fo 


= friction load lost in the length, be 


Equation (122), ‘exposes ‘the fundamental nature of the whole of 
sit when Newton’ s theory of similarity is extended for systems of par- 


 tieles in ‘space which, re-act. upon one another only during the moments of 
eollision, go as to include ‘the possibility of viscous reactions during a finite 


it be required to ) examine Equation (122) to see what conditions 
bene ren to secure both gometric and dynamic similarity of model to proto-- 


irst, by definition, geometric similarity requires that the longitudinal 

=,in prototype, and — in model, at homologous points, shall be the z 


- 
fact, ‘it is a condition in the problem, that all pairs of 
omologous linear ‘dimensions, whether | they are longitudinal or otherwise, 
8 shall be in one fixed ratio, ‘namely, the scale ratio. of the homology; and, 
second, dynamical similarity requires | that all. pairs, of homologous: forces 


shall be in a fixed ratio, be situated, and be directed. 


ting 


move in. 
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and since the ; are, 


it “must follow that the forces are as 


in which, m and Mm are the homologous masses involved. Henee, if 


ans “hi 
ity 


n the particular case when 9= = Ym, as when both ‘model 


or parts | of them, are exposed to accelerations due directly to ‘the. 


earth’s gravity (the pipe is. not full of water under pressure, or there is a 
water-fall in the river), it is at once apparent from the foregoing equations, 


or ‘all homologous aceeler 

i this is any a special case of acceleration. — In the general case, as in guages 


ra pipes running full of water under pressure, ‘there i is still required an Se 
~ tion Fatio, in 1 order that dynamical similarity may. exist, as in the first Part of 


. However, 


in the horizontal discharge ; and as in Appendix 
' a toe just such an acceleration must exist under pressure when it is required 


to make the same fluid represent. itself asa model of itself. 


Iti is thus clear that a necessary. condition for ‘imilitade i is that 
same value at any pair of homologous points, the respective dimensions intro-_ 


duced being also correspondingly homologous. Of course, will not 4 


sarily have the same value at. all points: in a natural stream, nor in a model 


of a stream is also very clear ‘that this condition can be ‘secured 


Saya there are two equations for the two quantities, — and —, 


may easily be expressing the 1 neces- 
sary edlation, between. rs G, v to be satisfied for conditions of similarity. 


this reduction the hydraulic radius, r, ‘has ‘the dimension 

len th, that — is the linear scale ratio. 


is in to notice that the 
values’ of both Reynolds’ (‘Stokes’) number, and Froude’s 
Newton’ 8) number, in’ ‘that “most interesting relation which the writer h has 


- pointed out: as expressing the necessary ‘condition that the flow in a viscous 


to “destroy Newtonian similarity. In other words 


Iustration complete, to set equal» values” of 
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marked under the of Materials,” 1 in the 


pen — =v , since, in . this case, all forces are to 


be measured per unit: density ; ‘equal ‘Reynolds’ ‘(Stokes’) numbers express 


_ Equation (21), or ‘the condition that the dynamical physical property, vis- 


cosity, been properly imitated in the model. ‘This may | be verified by 


confirming references to. Equations ¢ (11), (12), (20), an “Gn, under, 
“Summary of Equations of Similitude,” ‘Table 3, as to the character of the 


equations, und Table A, after dividing the line containing F ‘throughout by 


Factors: and Form Factors. .—When like magnitudes are 


geometrical, as lines, areas, , and volumes, pure dimensionless coeffi- 


cients (Type b), are commonly known ‘as “form factors” (“shape factor” of a 
coil) but such proportions of the system include, 


“type factor” 2 


be, since it is s the ome of two « or ‘more pore ratios, c or merely itself a ‘ratio 4 


as to and ] place, of the ratio of “statistical, velocity, : at 
to time and position in any given cross-section of the flow, which Siaeieaiveily | 

occurs under permanent fixed conditions which govern the flow, even though _ i 

flow 1 may ‘be turbulent, and, ‘therefore, ‘unsteady at “every point 

‘Under these conditions, time- _mean- velocity 

t any given eross- section becomes a a kind of “generalized 


ordinate” (Lagrangian method) of the: flow in the ch , thus reducing 


{ 
point in any stream, conduit, or pipe, as compared to the mean velocity a : 


the “statistical” type of a given under fixed 
“general conditions, may be referred to to as the “principle | of fixed average type- 4 
; actors.” Ere ‘The values of of homologues are e the same in two ‘similar | systems a 
That these variations of mass-motion can be treated by the laws of proba- 
bility, much as Maxwell applied his. law to the distribution of molecular 
velocities i in the kinetic theory of gases, would : appear to be a certainty. The | 
average mass-motion at @ point, as defined by Implication, be 
red with what Je eans calls s “mass distinguished | from 
molecular motion, while the variable component cof the mass-m -motion (as here 
defined) ‘would find its analogue i in J eans’ molecular motions. — ‘The difference a 
between the mechanism of a continuous fluid and that of a aggregation. 


ndividual particles must ‘not be disregarded, however, although the ‘mechanism i 


i practically indistinguishable fx from that of a continuous 


eans. 


= 


982 ON THEORY OF SIMILARITY AND 
express Equation (11) and equal homologous Froude’s (Newton’s) numbersex- 
= press Equation (1 
kinematical, as re 
= 
4 
id 
velocities, masses, forces, physical constants, etc., the name, 
3 
| 
) 
to 
| isl 
Pak 
sha 
sta 
‘mar 
grained” that it 
Damen Theory of Gases,” Chapter VII, by Sir James Hopwoo ay 4 = 


ON THEORY OF MILA 


the from factor a type- factor, a as ‘defined 


that similarity exists initially as it” model which 
a potentially similar to its prototype in the dynamical sense. - When this require- 


ment is satisfied, the systems will be. similar and will move with | 


The of initial by model engineer is is. 

When he designing ga structure of any 

kind, the and of the structure are completely i in his control. 
He can make ‘them whatever he Spear. just as” the entire a architectural 
“design of a structure is at his disposal. He simply constructs and tests hi 

ideas in Ininiature, by means of his model, perhaps re- “designing his model 
until it and its operation are re-design would not nece: 

be difficult, since, by the fundamental, corollary, one determination of 


the model i is sufficient for all forms 
= of the same eral type. : ‘Thus, the materials for a former model will s serve 
in the next of the ‘same type. ‘The problem then reduces itself to building 


the structure, and starting ‘it under conditions of similarity. the 
tions of similitude | (Equations | (12), (20), and their 


corollary, | the resulting motions, however complex, ‘must be similar to homo- pave dq 


ogues- in the model. This has | been most clearly illustrated i in Example 2, 
as in the explanation of the method of ‘starting similar weights suspended i 


Bf similar springs. - one desires a an experimental demonstration, no better 


In such experiments, Newtonian surely estab 
“Tishes itself when conditions are ‘properly adjusted ‘by. 


_ There are also to be found, ‘among ‘about one thousand ‘papers. on ine. 
‘and related action, have the fifteen ‘year (1916-1991), 


: is, must when changes occur. Tt i is exactly that sO 


many have failed to make the distinction between the change i in value of a 
coefficient ina particular system, and the continued | equality of two homol- 


-ogously changing ‘coefficients 3 in different, but similar, systems ae 


Tt is scarcely necessary to give an to the establishmen 


must apply, for a a reason. 
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(13) Generality of the ‘Newtonian Method.—It appears ‘clearly ‘that the 
model of the tank discharging mercury (Example 3) differs i in no essential — 


manner from the model of a ‘ship, : since, by the fundamental corollary, ‘the 2 
form « of the m model does no not affect the specifications for the materials 
Fe the nor the general nature of the condition for testing the model. 

Of course, it will be understood that different materials - may be equivalent, r 

as model materials. ‘ae Hence, there is considerable latitude for the use of | 


and expediency, even after the general ‘conditions for the model 
rave been fixed upon. is an aid rather than a hindrance. 


ORE another instructive illustration, | one might imagine ‘the model tank 


with mercury, and its prc ototype | ta ank with water, to be converted into cor- 


in as series of ‘similar” “operations. No change at all would be 

required in materials, fluids, and general controlling conditions. The only 
and sufficient condition is that: the model retain its ‘Newtonian 
character of dynamic similarity, which it must do, since the engineer 


the proper materials and conditions of ‘operation. 


(14) The Nature of Turbulent Flow. —The writer desires again to refer 
his discussion” of the paper by Messrs. Nagler and Davis, which | is to be 


considered as part of this closure. In this discussion the general ‘nature 
of pure viscous flow, and also of tu rbulent: flow, is explained. 


iste 


The prime cause of every eddy is viscosity, because, if the fluid were no 
_ viscous, it would be frictionless, and no eddy ‘could be formed. The prime 


cause of the ultimate stilling of every eddy is viscosity, because if the fluid — 


_ were not viscous it would be frictionless, and by ‘Newton’s first law of motion, 4 


there would be nothing to stop the rotation. _ There can be no other kind 


wert ry > 


of loss of energy, since it was clearly pointed out that there can be no sich | 
ait thing as loss due to impact, eith . fluid, or of fluid upon a ‘solid b: 


does not seem ‘that these facts” have been consistently d igested, ¢ even 


upon: viscosity, whereas it has been asserted by the ‘most profound authorities 


that turbulent friction is independent of viscosity (see paragraphs and foot- e 

a Bre all frictional loss is due to viscosity, the re must be an actual 


mechanism involving viscosity, which, when revealed, will furnish a perfectly } 


rational system of dynamical equations: sufficient to solve any problem of § 


actual fluid flow without the necessary use of empirical type coefficients, as dis- 
cussed under “Dimensionless Coefficients. (Type >). 


he ~ While the writer has not yet attempted to set up this rational system of 
he does believe he « state ‘the general. nature of the postu 


one is concerned with, the physical properties and constitution 
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Chemists, and savants have long since satisfied ‘the 
scientific world that matter is discontinuous, and that its ultimate is 
= divided progressively into molecules, atoms, and ‘electrons; although it must. 

admitted that there is yet much obscurity surrounding the ultimate 
nature of matter, and energy too, as. as will be e apparent after consulting the 
references previously made. ‘Let it be, observed that, as a ‘consequence, 

Pp postulation of the divisibility of matter into ‘equal. elements must carry with — 3 
it the elementary subdivisions of energy; for energy must exist as 
; i” associated with the ultimate ‘elements of matter in their mechanical relations 

question of procedure arises. Shall it be by. the dynamics of con 
= nuous, or discontinuous, ‘matter? — Moreover, , is there any particular mathe 

‘matical form which will have an advantage: over all others? — ~ What place has 

the kinetic theory of gases? In particular, shall Newtonian dynamics, which 

has furnished, and still furnishes, the foundation for all studies in mass 
(even for by those who seem to think Newton’s laws no longer 


writer” answers these questions: by saying that he thinks there 


no reason at all why the engineer should discard Newtonian dynamics, r nor any s 
reason why the kinetic theory of ge gases should enter ‘into dynamical problems 
engineering, unless the constitution of matter should enter the prob- ig 
lem in some vitally important 1 manner. 3 ~The reason for this conclusion is 
that both the constitution of matter and the kinetic theory of gases are, as 
| pointed out for the kinetic theory by Jeans (see Article (11), “Type Factors 
nd Form Factors”), so o very” “fine-grained” that, for practically all engineer- 
ing problems, matter may be treated as being absolutely continuous, but, of 


course, this must be carefully borne in as a fundamental: hypothesis 
modern 
fails to. be because. the at 
thought is so frequent that one even find difficulty in his 


"dynamics es: pre the b base of the ‘Kinetic theory 


dimensionless, Type b, coeflicients of friction. _The acceleration, need not 


very case of fluid motion. When that acceleration was not. gravity, and 

"when the flow was supposed to be uniform, it has been a frequent mistake _ 

so ) lose sight of the n necessary acceleration to introduce the flow, maintain it, 
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ON THEORY OF SIMILARITY AND MoDELS 
and especially to generate and maintain turbulent conditions,” Equition’ (122) 
is perfectly general. It covers every case of fluid flow. It represents the 
resistance on the side ofa ship, or on the sides of one of Froude’ 8 boards. po ey 


it is cocfiicient tert proposed by in the 


ofp: 


for same ‘reasons given, by ‘ie writer when forming the for 


oo get a little 1 nearer to a practical understanding of the writer’s ‘coefficient 


say) within ‘the parenthesis of Equation (122), to make those who 
deal with pipes more at home, let R, be the resistance per unit area of 
pipe skin, and d, the diameter of the pipe, § so that d= 4r. Then, the follow 


4d 2g, fe wt 


which shows that: the familiar dimensionless coefficient of hydraulic skin. frie- 
tion, ‘represented by is Precisely double the 1 usual coefficient skin 


friction in the familiar formula, R, = in which, Ap is the area of 


the skin, and | f., the coefficient. 2 iti is also important to notice that iF (= fy) B- 


“rational formula, complete in every respect but one; and that the final — | 
“fection and corresponding : alteration of its form would in no sense invalidate 
mn it as an exact theoretical representative of the flow in the pipe, or other 4 
The only difference would consist i in ‘the substitution for and 
hs of terms eontaining what the writer will call , and 1 what Lagrange perhaps — 
would have called, “generalized co-ordinates of turbulence.” ” These co- -ordi- 
dimensionless type-factors of the system which 
in any way affect the delivery of the kinetic energy of the mass- motion to 
energy- -sinks” of viscosity as it operates in turbulent motion. 
“source” “sink,” have usually been in hy ro- 
s to indicate’ points, volumes, which ‘may be con- 
side d as productive or destructive of the fluid, to suit the assumptions of e 
the problem. “ih The words are used herein: to indicate the transformation of 
; energy from | one form to another. Tne particular, it should be stated that 


“viseous- sink” refer to the loss energy by reason of the conversion 


of flow such viscous yn must be regarded 
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it of viscosity by the kinetic theory of which does" 
- aceon the i increase in molecular motion due to the transformation of mass-. 
motion into molecular motion must be decidedly incomplete. 
& The reasons why Equation (122) is 3 perfectly rational. in form has been 
fairly” well explained elsewhere,” > but it is very difficult to explain a a 1 general-, 
sation which involves a wide variety of f conditions. Perhaps" it will be 


possible to illuminate the subject. ‘somewhat more by explaining the nature 
the Principal experimental facts which can be: cited in of the 


a bears a fixed ratio to the mean sale, in the -cross- s-section, when the times 


observing velocities been of sufficient duration to furnish reliable 


This same permanency of: ratio must hold for the time, ~average 
at any point of an average « eddy which exists at any point in the cross- ‘section 
the stream. _ The eddies move. with t translation, of course, but there i 


motion of the but it, is not necessary to. consider t this 


if one considers average conditions rather than details. 


Perhaps the most important experimental facts to consider, to 
the generation of an eddy, are: a ‘Viscous friction depends upon the rate of 


shear, or the transverse velocity gradient; this. rate may be increased up. to 


v7] t think that some kind | of 
or is s suddenly ‘broken when the rate of, shear (strain) 


exceeds the critical limit ; but it is well known, in hydrodynamics that. pure 


Viscous, or laminar, motion can be resolved into three components :* Trans- 


lation, rate of shearing distortion, and rotation; as long as 3 these. three « com- 
ponents exist unchanged, laminar motion results. Furthermore, in laminar 


flow, as a simple example, the distortion. means a rate of stretch along an. axis, z 
and. a rate of contraction along. another. axis perpendicular to the first, these _ 


axes being a at an angle. of ‘45°. with: the direction of laminar motion, There 


fore, calling ‘to mind» -Maxwell’s definition of “rate of relaxation” of 
elastic. stress,” ' the writer concludes that, ‘instead of the breaking of an elastic Si 


: bond by exceeding the critical rate « of strain, the contrary is the fact, and 
fe that it ‘is the excess of the ra e of strain. over the rate of ‘relaxation that 


S causes the elastic bonds ‘to hold, and, hence, to suppress, or reduce, ‘the rate 


of deformation, thereby permitting the oa of rotation ‘to prevail ii 


a rotation of the element as a Poisson, it “appears, ‘also. 


had similar viscous flow. ‘from ‘equations ‘of 
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ert 
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elasticity, by. assuming strains to relax as they were generated.* 


In illustration of this action of a viscous fluid, oné may experiment upon 
a very soft piece of candy (say, 3 or 4 Ib.) on a marble slab. If the candy 
is picked up by the hand very slowly, the relaxation of the candy will cause — 
Ly ed to stretch and pull | apart. a ‘it is picked up with sufficient celerity, the = 


candy will hold together : as more or less ‘Tigid solid, and it may be trans- 
ferred to plate with v very little distortion. 


it is seen that the | "component. rotation of the fluid is left 
produce ‘rotation when ‘the rate of shearing strain: exceeds the rate of 
am relaxation, and that these persisting elemental rotations will combine to form 


eddies: and turbulence in 1 place of the existing Jaminar flow. if _ Of 


entire question of hydraulic friction thus the study 
pure viscous friction, as it operates in directly resisting the flow; as” i it 


+s operates in the formation of eddies; and as it exists in the eddies, after they i 
Sy are formed. There can be no doubt that the whole eddy system in any 


turbulent flow is produced primarily by viscous ‘action. 


course, the pipe, or other envelope, will have a bearing the 
distributions of ‘Viscous action. The shape of the envelope, for example, 
will have a ‘a great influence ‘upon the form of the flow, and, therefore, upon 

the relative motion which must occur between neighboring filaments of the 

— fluid. it other words, the coefficient of viscosity | will be combined in so 

determinate manner with all the type-factors | of the channel (including all | 
dynamic type- -factors), to form ‘the two dimensionless coefficients, f and f. 
This will be entirely independent of that factor in fi which contains the 
kinematic coefficient of viscosity i in the numerator. ‘There will be inde- 
pendent 1 necessity for and ‘since one relates to pure viscous action directed 

- against the flow, as in the boundary film, while the other relates to pu pure | 


viscous friction (the kind there can be) within the eddies. 
4: The pure viscous action directed against the flow must vary as the rate 


of distortion. ‘Hence, because of the fixed relations of all average velocities 


at given points. to the mean velocity. in « cross- section, previously men- 
ioned, the resulting resistance from this cause will be in proportion ‘to 


mean velo ity in th tion dire 

The rate of eddy ‘generation is is abil ‘maintained by the action of a 


the combined mechanism converting mass-motion into turbulence. 


16 preced ng case, the rate of conversion must be to the 
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ON THEORY OF SIMILARITY AND MODELS 
be 


at the point of ‘conversion, to mean velocity 


the cross- -section ; but, 
motion must finally be the vi viscous action in ‘the so that 
the resulting loss of « energy is proportional to the s square of the velocity at the Pee 
-point of diversion, and also, therefore, to the ‘square of the 


is but one natural mechanism for the ‘conversion of 


which i is pure viscous resistance in “pure viscous” flow, ‘and the other is ‘pure 


effective -motion and the ultimate molecular heat motions ot 
the fluid. It is the result of one of those “irreversible” processes of mh nia i 
i It is merely one progressive stage in the universal degradation a 
i enunciated by Carnot in the second law of thermodynamics, which was first 
and built into the foundation of the science of energetics by 
Lord Kelvin. Had it not been for the combined greatness of intellect and . 
magnanimity of the greatest of philosophers it isa question whether Carnot’s 


but two terms in Equation (122), one of which must ‘clearly be proportional 
f ae the first power of the mean vel when there is no turbulence (f = 0), 
_ and the type-factor, f, i is constant (unity) by reason of the permanence of 


relative conditions in pure viscous flow (that is, the theory of pure viscous — 
flow is perfect, and complete) ; the other | of which must as Soap be ange a 


ovky system, F is variable. If the conditions in two systems are changed, 


but in such manner that the two “systems remain ‘similar, then the two : 
coefficients, F, , change equally and remain equal. (rts inp 
It must not be forgotten, however, that Equation (122) cannot be ae 


a formula of hydrodynamics, | or of aerodynamics, until the 


engineers who would make discoveries means of models, should 

egin the experimental study of turbulent flow at the very earliest oppor = 

tunity. Success in this respect will enable the engineer to. ‘fill 
mamics, which i is treated ii in n the following section. 
Great Lacuna of 
a general nature of the particular mechanism involved * 

aratus” (mechanism covering: a particular class of. machines and: motions 


of parts and fluids) i correctly ‘postulated, the general dynamical 
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ee _ tions containing the new property coefficients (Class 1) which have ‘been _ 
se 3 defined by the postulates. This creates a new science, or branch of engineer- 
os. analysis, which thenceforth becomes capable of solving all problems that ee ; 
ff involve nothing beyond the general nature of the mechanism defined. © = 
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‘suc to determine all the dimensionless type- -coeflicients of any 1 
apparatus of the class. defined, thus rendering the use of purely dimensionless 
coefiicients, as in empirical formulas, wholly redundant, since the solutions 

“may proceed without explicit. evaluation of th coefficients. 
was illustrated by previous reference Newton’s creation of 
‘dynamical science of pure viscous flow, solely by definition 

coefficient of. viscosity (Class 1), and nothing else except his own laws 

It is now to be that 1 no science of turbulent fluid 
yet been created, and: that, in this respect, all: the present sciences of fluid 
are wholly barren. To this end it will be. highly instructive to 


First.— 
Article 319, or. Article 320, ‘Third ‘Edition: ‘of Lamb’s" “Hydrodynamics” 
(the writer ’s solution of the pipe problem, Lamb’s _ Article 819, is given in 
very simple terms elsewhere.® The other two problems may be solved with 
corresponding informality). Theoretically correct ‘results ‘are immediately 
and very easily deduced in onal case in terms of a few working conditions i 
(time included), boundary conditions, limits of integrations; and: property 
| coefficients (viscosity, density, ete.), results which are consequently inde- 
pendent of any system of | co-ordinate axes. These ; given data become ultimate q 
true “generalized co-ordinates” of the | motions of the millions of particles — 


fnvolved, provided that: care has been taken t to ‘see that these “co-ordinates”. 
are independent of each other. Each such “co- ordinate” ’ represents a “degree 
of freedom,” which is nothing more than'a degree of ability to change the | 


form, type, of. the system and its 3 motions. By means of them (or ‘an 
equivalent system), a | calculation mi may be made which will determine the 
instantaneous position of any given particle, or its path. doa 


coefficient of viscosity, another the physical- constant, density. 
‘No non-property coefficients (dimensionless type -coefficients) are explicitly 
as ‘necessary to solutions. If they were, successes of ‘the 


4 

sult Observe that among these “co-ordinates” may be fot und the Property. 


me reix Second.— - Let one then . attempt to solve a simple problem involving turbu- 


lent flow; say, the problem « of turbulent flow in a pipe as discussed by Lamb. -: 
A result:i is‘even more than before, | but only by use of a purely 


of which be found by any known hydrodynamic 


method, or formula. Wom odt ed 
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q engineers. “This great lacuna can now 1ow be bridged 
only by model engineering, or af the 


a 


“It remains to eall attention to to the chief of 
subject. * * * It must unfortunately be confessed that the theoretical PAH: 
explanation of the. instability. of linear flow under the conditions stated, 


of the manner in eddies are maintained against ‘Viscosity, is 


"These words are too mild. There is a complete failure of hydrodynamics — a 
and aerodynamics, f for want of a correct theory of the mechanism and func- — 
= tions of viscosity, and perhaps, also, of another property, say, cohesion, in 
. = turbulent motion. _ It may be remarked, that determination of the 
i rate of eddy generation will be e sufficient to determine all the loss due to pure 
a ‘turbulence, since the kinetic energy of the eddies is all rapidly dissipated in in 
e. the. form of heat motions. boll By tl the “principle of fixed average type-f “factors”: 
- (see Article (11), “Type Factors ‘and Form Factors”), the loss of head due 


the exact square of the mean velocity in 1 the cross- s-section, or “ite equivalent, 
Any direct loss due to viscous action, as in the boundary film, will be 
‘proportional to ‘the mean velocity, and must also appear in a term. by itself, 


ASR pat 


when the dynamical equations: are finally perfected. 
ee In Article (14), “The Nature of Turbulent Flow,” the writer has endeav- 
i ored to give his views as to the nature of the mechanism which must be ABS 
expressed mathematically, order ‘establish rational turbulent fluid 
dynamics. — It should be mentioned ‘that correct fluid ‘dynamics cannot. be 
created by use of, the present hydrodynamical and equation 
: - They will be barren for this purpose, until emended on the basis of enabling — E 


postulates, perhaps | creative of new property» coefficients. 
(16) Confusing Laws.—It seems that the first positive step toward found- 


ing ‘Newtonian model engineering was taken by M. J. Bertrand in his paper 


2 previously quoted and cited. After mention of Newton’ s similitude Bertrand — 


-refers to ‘one of ~Galileo’s dialogues which the latter called attention 


f (probably for the first time) to the fact that a large machine is not relativel 
capable of resisting - destructive loads as as a small one.® (Stress ‘i is. pro- 
portional jointly to ‘linear scales and specific weights. This covers such 


quantities as moduli of elasticity, ete.). very true remark has been 


repeated by numerous writers without reference to Galileo. oe oF 
|) hy criticism | however, is based wholly upon the > assumption that ‘strengths ‘ 
¢ materials and the stresses to which materials are subjected must ‘act ‘with- | 


out any application of the arts of the engineer to improve or ‘preserve the 


] 


Transactions, Am. Soc. C. E., Vol. LXXXII (1918), 1188; also, Proceedings, Am, 
Soc. C. E., October, 19380, Papers and p. 1818, Equation of the: 


1 mart is this last fact which suddenly discloses the nature and extent of the —_— 7 
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proper relative strength in the model. If correct model engineering is 
applied, argument would have no theoretical force; there would simply 


bea practical difficulty to be overcome by the engineer. To imagine that 


pe 
ph, the criticism blocked the use of true dynamic models would be confusing the ¥ 
dynamical properties of materials with the laws of similarity. 


hese ‘The following | discussion not only shows that confusion of dons once 

but it t will illustrate the truth of the fundamental corollary ; show the char- 
=e acters of the two. classes of coefficients, a and b; and give further wagarstions 
as to the construction of dynamic models. ‘tow * * 


states, and Routh repeats, that the ratios of 


rolling frictions are not in ratios, s ‘since they a are e inversely 
to the diameters of the homologous" wheels. resistances of air are pro-— 


i portional to areas and squares of speeds, the air resistance to the ‘model will i 
be correct. (The writer’s paper® on: “Tee Diversion,” ete. , gave this also 

_ It would be unfair to say of these authors that they really had the thought — 
that similarity would be impossible in ‘the ¢ case of rolling friction, and i in the ‘4 
case of air resistances which do not vary as the square of the velocity ; but 


“they neither say, nor show, that it is possible, thus leading a hasty reader to ‘4 
assume that it is impossible. Other writers have made similar statements.” “ 
‘A caution against making an error of this ‘kind is clearly ‘stated under 

Background” in ‘the writer's paper. must be remembered that 

is distinct from | “every other physical law. The ‘only point of con- 


tact i when one of these physical | laws happens, in its limited sense, ‘ol 


tude, ‘thus: causing the concomitant -property- -coefficients to appear i in 1 dimen 
‘sionless type-factors, and, therefore, to be self- eliminating from relations 


+ 
similar systems, as explained (0), “Newtonian Can- 


ed Tew 


ar eens -R., or horse) on nm pairs of wheels is dragged on a aS 


horizontal plane by a horizontal force, 2 with un niform speed. Find the 


the fundamental corollary, no regard at all be given, to the fact 


that the machine is an old- fashioned carriage. — The problem would be 1 pre-— 
cisely. the same for an automobile, or a locomotive. ¢ Of course, ‘the actual 


i design and construction of a model might be far more difficult in one case 
_ than in a another. AS Ibn the case of the carriage it may not be necessary to op 
i regard to many ‘properties, whereas, i in the case of | the locomotive, the model 2 
ngineer would find plenty of use for his ability. ~ Overcoming 
one of the chief setts of a good engineer ; to run in a rut is by no means 


- 


. Soe. C. Vol. LXXXII (1918), p. 1188. 
© Units, Dimensions of, Bleventh Edition, Dncyclopaedia Britan ica, v. p. 738, 
‘“Mlementary ‘Rigid “Dynamics,” Article 165, 138. 
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To spot the physical "properties requiring one may glance a 
4 Equations aD, a2), (20), and (21), treating the first three 2 as was oom. in 


of rolling of which ‘the dimensions are merely length. ' The 


farther attention. There may be several different coefficients. Ratio need 

not refer to gravitations. ; Suppose, for example, that (neglecting effects of 
on parts like connecting rods) gravity “eliminated” in the 
mentioned immediately following Equation (45), as. by running the carriage — 

a level plane, not necessarily in a straight line. a proper ratio, 
must be preserved i in ‘Equation (12), or one could not start or stop the model “e 


consistently. or operate it on ¢ 
e equa 


_ Proper treatment of th 


to ratios of homolognes. The values, F, and T, found, in terms” of 


forms. Air ‘resistance. has been “neglected, but t may 


included by the methods presented, if necessary. 


=: _ If the same materials compose the rubbing surfaces in model and proto- 

type, the density ratio of these will be inconsistent if the density. ratio is not 

to be unity. _ Whether this is serious is a matter for engineering judgment. 


The difficulty may be avoided by: (a) Using the same or equivalent materials B 


we 


Let the definite proposed by Routh now solved. Sup- 
pose the carriage to be pulled along an asphalt pavement, for which fos — = 0, 12. x 


% it is to be ‘small. “The coefficient for a steel roadway may be f= 
. giving R= =, 12. the scale ratio. If the model i is to be tested on a hill, gravity 


must act, thus making G= =1, As there seems here to be no important reason 
for change of materials i in making 1] the model, the density. ratio may be ‘unity 


Therefore, b= = = 19; F= =1 728; and T= 12 = 3. AG ; from which 
tor éxamiple, and’ “power are, 

<=. = 3.46: ‘and P=FV= 6 010, 80 that the power requirement | r 


Kent’s Handbook (1923), p. 1706. 
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GROAT ON OF SIMILARITY ‘AND MODELS 


ss ‘aete is in the proper relation to ‘the pull on the carriage, and that it is 4 


- because the coefficients, | we ‘and f, have been allowed to have, or made to — 


values in the model by application of proper technique. 
«Tt is highly instructive to notice how the coefficients eliminate themselves, _ 


ie - when taking the ratio of homologous members of similar equations, using 
_ any of Routh’s three forms for PL - This illustrates perfectly the theorem of 


oe the equality of homologous type- -factors (Articles 4, 10, and 71). In this 


respect, the theories of fluids and rigid bodies are identical 


Nothing has been said of the properties of the roadways, beyond the values 
ae of f, since there would seem to be no great importance in this, unless elasticity 


_and variations of of fy with velocity are to be considered. — if necessary, elasticity — 
may be treated as in the paper. If such matters are to be considered, it my 


% be recalled that rolling friction offers a great field for the research engineer, — 


Mere 


; since this form of friction is not thoroughly understood, while use of 20 000 000 
~ automobiles in the United States indicates that much use could be made of — 


.— Professor Bateman has described this “para-— 

dox” in a most excellent article on “Hydromechanies and Hydrodynamics” in 
the Fourteenth Edition of the Encyclopedia Britannica. The writer thinks — 
; it. is really not a paradox, because such phenomena as a stationary float, “dead 
: water,” 4 log ix in a ‘Pool below a dam, and even a float moving ‘dp ‘steam; are 
matters of common experience.  Thes stationary ‘sphere in D’Alembert’s 
(or stationary cylinder, in two ) dimensions) is secured by creating a system of 
forces symmetrically placed, proportioned, and directed, about the center 
symmetry. dynamical system, therefore, must hold the | sphere 


i 
equilibrium when it rests at the center of symmetry. pe 


Any one of the stream- line surfaces “surrounding the sphere ‘ya 
Tiquid may be chosen as the shape ‘of a pipe, or. conduit, which envelope, as 


study of the figures presented by | shows, must swell ‘out about the 


‘symmetry: 


res 


wit 
will remain at in frictionless fluid only: When. at 


est at the edhe of symmetry of this envelope. is If the body (sphere or 
now up stream somewhat, “while the flow of liquid is 


m 


throttled properly at some down-stream point to maintain down-stream pres- 
sure, the body will continue to move up ‘stream with further closing of the ‘ 


throttle, until the. flow is completely shut off or materially the 
of the’ sphere (or eylir nder) obstructing the inlet end. On t other 
hand, if the body is displaced down stream it will continue to move © down 
tream until it cuts off the flow by choking ‘the outlet end, or is itself ‘ejected. 
Dynamically, there is no difference between the actions in he up-stream and 


2 Renda no material difference in the experiment if the fluid is viscous, 
in . The body will remain at rest if it is located at a proper point ; 


2 


up 8 stream from the original center of. symmetry of the envelope, while the 
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August, on THEORY OF 


fact that the greater ie stream face of the body than 
on the up- “stream face, by an amount just equal to, or greater than, the 
friction, or viscous drag, on the sides of the body. The experiment is, 
simply made by. letting water enter horizontally through the depressed lip 

of a small bowl or hemi- “spherical vessel. A bowl, or cup, of somewhat smaller — 
size, partly filled with water to. give it depth, when entering 
_ stream, will move toward and against the entering stream ‘until it is stopped 


ees 
a by: the side of the — that the crest of ‘the: opposite side of anal 


= water has a downward ieciinalet entering at the lip the effect i is inoteaded.’ 


Of course, a better apparatus ¢ can be ‘specially constructed for laboratory pur- 


"poses, ‘but it will not be more instructive. “principle was used by the 
in planning ice diversion | works | at “Massena, N. to cause ice to 


- tend to ‘drift up stream from the divergent channel and then on down the — 
main ‘stream. ~The combined effect. of and the ridges accomplishes the 
abject, 2 and the i ice drift is actually up stream when the draft of water is not 
in excess” of the constructed. capacity ; ; even in the case of over- -loading og 
intake, there i is. no consequential amount of ice entering the intake, because — 
‘the power- -house now 0] operates all” year, whereas, before, it ‘was compelled to 


4 Returning to the case of a a frictionless fluid flowing past a sphere, or a 


rey 


moving in such fluid, Newton was” quite correct stating that 
_ cavity v would form if the pressure were too small for the velocity, or the 


q 


Ane J Se 


velocity. too great for the pressure, a fact seldom ‘mentioned by writers, but 
which is noted | by Lamb. a ‘Iti is perfectly clear that, whether fluid is friction 


° less or viscous, the inertia of the fluid will’ cause a cavity if the velocity, and 

curvature of the stream lines are great enough; and this is why there must — 

j be different accelerations in ‘model and prototypes under different pressures. 
For effective areas of impact, see Article (18), Momentum.’ ”) ape 


(18) Momentum. —The coefficient of viscosity and the kinetic theory 


a gases have been brought into the discussion by several references. Neither of - 


these subjects” can be understood without a ‘correct conception of the nature 
of momentum, the actual misuse of which concept is an error of. no infre- 


ic 
occurrence, | especially in hydraulics. Routh’s i “Elementary. 


Dynamics” contains two excellent chapters on "momentum and live force. . 
No formula for friction | ‘Toes fluid flow can be safely based upon a 


“momentum change as an ‘action isolated from. the. circumstances a na details 
of that change. Without refined and explanations the important 


ds ii. ae 
-Felation for present purposes is: 


Theorem IV.—A definite system of forces acting definite mass 

- (particle). free to move, produces a. . definite change in the momentum of the 

particle; but the converse is not true—a definite change of the momentum 1 of 
the particle does ‘not. require any definite system of forces, for there are an 


. LXXXII (1918), p. 1188. Baad 
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ON THEORY OF MODELS” 
of force-time relations which will produce the ne same change 


is a “most important consequence, that the time rate of change of 
“y momentum is not necessarily, and not usually, any | - definite general function 
of the forces existing at the beginning and end of the change. On the other 
ew, hand, it must be understood ‘that, although a definite e change of inomentam 

does not demand any definite eystem | of ae all sy systems of forces which 


a the effective “whole force” is ‘the game in bene In substance, Routh 


a3: —— that the resolved component in the direction, 2, of the “whole force” 


xpended i in the time, boy is defined by mZ dt,Z being the instan- 
aneous component of the accelerating acting mass 


3, 


horizontal pipe ‘under the head he Iti is well known that the effective whole 


force causing that ‘discharge through an orifice in place of. the horizontal: 
a pipe, would be equal toa reaction on the apparatus due to twice the head, h, 


acting on the effective area of the orifice. reaction must remain pre-_ 


cisely, the ‘same for the case of the horizontal discharge, but the actual head 

on the discharge may be any whatever, depending upon the length and fric- 
ig tion of the pipe. Hence, ‘it is | clear that there is no fixed relation between | 


x observed head (pressure) and change of ‘the water’s ‘momentum. One must 

per have positive knowledge of the circumstances of the change of momentum 


to be in a position to connect that change with pressures: and potentials. — te 


is ‘clearly, incorrect to state (as usual) that the reaction of. ‘the ‘disk 


“due to twice t the acting head, ” for there i is no possibility | of a | double 


‘The « error lies in the customary statement. which, "properly, , should 


at 
_ read to ‘the effect that it is the area upon which the head acts that must be . 


must ‘be accelerated from rest to a velocity of discharge, v; that is, the: 
mechanism of the usual reservoir can provide an acceleration averaging only q 


half (dv) “sufficient. Therefore, the area of approach must be double the 
effective: orifice (vena contracta) area to supply water ¢ enough. That: area. is 
% provided by automatic reduction of the pressure on the side of the vessel in 


ie: the vicinity of the . orifice, thus admitting flow to the orifice from all directions, 


: and it is. here very interesting t to observe that the convex area of a hemisphere 
is exactly twice the area of its base. _ Tf double | pressure could be made effec- 


tive in the reservoir, without alteration of the head, no drop in pressure 


around the orifice would occur; but that is clearly ‘impossible i in the absence 


mechanism. Statistical analysis. would develop. an infinite number of 


‘equivalent methods of approach to orifice, all giving the same Feaction. 
ake at Another illustration of loose uses of the principles of momentum is fur- 


hed by the formule, for the friction loss due to abrupt change 


appears in many of the older textbooks. . 
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out explanation, the reader to assume that. ‘wherever is abrupt) 
- inerease in section the entire change of momentum is lost, instead of being 
conserved to a greater or less extent, depending upon the canny of 
the change. is Willia in m ©. Unwin, ‘Hon. M. Am. Soc. 
; giving” the original deduction of ti formula” to ‘explain ‘it was based 


fall within 


i 


he ‘great, lacuna of fluid previously problem cannot 


be solved solely by the principles of momentum (insufficient dynamice) until 


to be directly. to the hes are to be preferred. 


dynamical physics can be use of ‘the dynamical con 
stants defined by “the: theory of the particular branch of science to which the 


pa ticular problem belongs. To this extent ‘Newton’s laws of ‘motion a are 
sufficient, per se, to ig solution of any problem. On the other hand, they 


constants the mechanism which | governs ‘the application 


of Newton’s laws by showing how “they are to be applied. It i is in this way that : 


 Newton’s laws form the footings for all branches of mathematical dynamics. 
a Stokes’ failure to notice this in the case of viscosity ‘was discussed in con-— 


nection with Equation (10) of the writer’s paper. insufficient but neces 
sary” application | of Newton’s laws may ‘the cause of ‘80 much misund 


reall 


the well- fact that an ‘open, ” oF “free,” 


ing ‘a large reservoir by abrupt expansion of section at entrance is ‘eapabl 
of supporting a very material head of water in the reservoir. head 


therefore, must conserved from the kinetic head prior to the 


hange of momentum; a nentum i is 


to the right path for ‘the research to follow, i 


“Hydraulics,” Encyclopaedia Britannica, Fourteenth Bdition, Vol. 11, p, 972. 
Ency paedia 
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’ 
of — 
‘ 
i es and that it was equivalent to saying that the change of momentum is wholly ie oa ; 
th lost. Necessity for this assumption and its explanation, so carefully made 
by Professor Unwin, is the criterion of Theorem II which shows that the 
problem of loss due to sudden expansion, and its formula 
adil 
ha 
ole 
h, 
pre- 2 Pesta’ 
| 
aust 
tum 
disk 
yuble 
Tha bs no place in fluid dynamics is 
| et of water enter- 
e the 
stions, 
sphere 
essure @ criticized type of analysis is abandoned; especially if, at the same time a 
a ck ie erms, “shoc and “impact,” are changed to “rate of delivery of energy to eee me 
“ie _ the sinks of viscosity. ’ This latter term, or a descriptive abbreviation, will § § 
tion. . _ be a constant reminder of the true nature of all energy losses in h draulics, § ff 
Tormul 
mat 
. That 45.46, 


is needed to complete. dynamical science as ) viscos 
accomplished, ‘there, will be no. further need. for empirical coefficients. of 
hydraulic friction, since the perfected science will determine. all friction 


losses, just as the present science of pure viscous flow now solves all i 
problems without necessary recourse to special coefficients for - special problems. 
r—The foregoing: remarks 


4 


the ‘misuse this concept has most serious 


; fundamental error in the deduction of the formula connecting the molecular 
free paths ‘with the coefficient of viscosity of a gas. Before disclosing and 
i correcting this error, however, it will be necessary to explain the natur 


of momentum ‘transfer by several homely perfect illustration: 


irection along ‘two parallel tracks, as. a ‘passenger train ‘moving at 60 
ft per sec. ‘on one track, and x passing a freight. train moving at 40 ft. - per sec. 

on _the other track. Tf a ball is thrown laterally (perpendicularly, horizon- 
tally) from the ‘freight. train 80 as to impinge on the, smooth flat front of :* 
passenger coach, the ball will “transfer” 40 ‘ft. per sec. of “freight”, momen- 
tum, which will. be increased by 60 —40 = = = 20: per sec. by. the, impact 
(necessarily ‘supposed inelastic), which is “exactly, suficient to increase 
“freight” ‘momentum “to “passenger” "momentum, ‘the mutual impulse 
between ‘the ball and “passenger. train. Observe ‘most carefully ‘that there 
is no mutual impulse, or action, in ‘the direction, of train motion, between 

Rae he ball and freight train, because the ball | is thrown “laterally ;” it is the 

passenger train which meets the resisting impulse. The lateral “component 
‘motion. 1 of the ball will not be. altered, as there is supposed. to be no. friction - 
between ball and front of cars, except that of inelastic impact, in the direc- 


tion of train motion. must also. be. carefully noticed. that, the “lateral” 


mpulse_ of the ball ‘no at all upon the ‘freight train in, 


1 impulse of two 


bodies necessary to brings ‘them to the same motion in ‘any given direction 


‘must necessarily be. wholly inelastic in that direction. 4 ti is. about to. 
shown how a virtually inelastic impulse can be 


_If, now, the ball i is thrown laterally from the x passenger train to the freight ‘i 


‘so as to i impinge on the smooth flat rear of a freight car, the ball ill 
60 ft. per ‘sec. of “passenger” momentum, which will be decreased 


20, ft. per sec. by the inelastic impact necessary to, to decrease | passenger momen- 
tum to freight momentum. ‘There’ is no mutual impulse, or action, in the 
‘direction of train. motion, between the ball and ‘passenger: train, 


the ball is thrown “laterally ;” it is the freight train which feels the » accelera 


‘Tf the. trains ‘were ‘moving at the same ‘speed in the direction, 


lateral transfer of ball carrying the ‘momentum of ‘either train to ‘the 


other would have 1 io impulsive ‘effect « on either train in in 


mind 2, 
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MILARITY 


may consist: of an‘: engine drawing a ‘Metin! of flats,” one flat for each pas- 
-senger coach | engine 2 and tende . Each flat may be equipped with a powerful rs 
J crane. If then, the cranes should load’ the passenger train on to the “flats,” £3 


the total momentum of the freight train will be doubled, but ‘no impulse 


, will occur in the direction of train motion, because of the equal ‘speeds of — 


the two trains ‘during the loading. Another illustration ‘provided by 


imagining each molecule, arriving in any ‘stream of molecules to be piloted 
2 one of Maxwell’s “demons” in ‘such a way that it does not collide with» 


any molecules of the stream. No resisting impulse to the flow of the stream . 


4 


a The conclusion is that mere transfer of momentum from one Position to 


another, as by motion of | a particle carrying” momentum from one’ system 


to another, has no impulsive effect, by ‘itself, and that it is only when the 


a particle | arriving in ae system has its velocity. changed thereby, that any : 


impulse’ can occur by reason of the transfer: sd ores 


Theorem V.—The _mere removal of a ‘mass: from, or ‘its addition to, 


sive effect upon the system when that mass has initially the common reo 


of the system, or when it does, et collide with any mploguie of the system. te - 


It is failure to recognize this” fundamental truth which has caused the aes 


erious error in the kinetic theory of gases as mentioned in the foregoing 
remarks. at te drow edt 2t datlgad st 


a ot 2 Kinetic T heory of Gases s—Before explaining the 1 nature of the error 


will wish to be science which is to 


there existing errors are ‘not only in but also in the 
‘numerous: constants which have been computed by them. _ Moreover, there 
is still another error which affects the kinetic » theory i in its relation to hydro- 
dynamics, and this, too, will be made clear by. reference | to ‘the: -writer’s — 


emarks under Article (15), “The Great Lacuna.” 
adding this necessary corrective contribution to. kinetic theory: the 


vriter merely’ that engineers base conclusions upon analysis of what i 


analysis and. consideration i is “chident 3 in some statements 
made in the discussion. The writer attributes: this ‘to ‘no: prejudice, but,. 
rather, to: ‘insufficient attention to his presentation, . cand to the ‘consequent 
failure to confine those statements of. discussion to. actual: facts. By a 

ing false ideas and remarks to the writer, one is. certain to. ) arrive ¢ false 


conclusions, however apparently correct. the’ logie may seem. 


mi 


great lacuna of hydrodynamics. was disclosed. under its appropriat 


follows at once, that any theory which’ connects relations between 


: existing hydrodynamics and the kinetic theory of fluids must be, either wholl; 


ravest suspicion, as to ev: 
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force relative to the calculation of the | coefficient of Viscosity 


when the is intended for use under turbulence. 
other: words, the great lacuna spreads itself over into the: domain of ‘the 


kinetic theory, which, | consequently, must be quite as barren in the region = 
as hydrodynamics itself. Therefore, both | these sciences are 


all fluid friction, as previously shown for and, hence, 


works upon the Resi of which | are few in the ‘English 
_ A treatise by Sir J ames ‘Hopwood J eans includes ‘the statistical 


> From the chemical point of v view, the wor 

primary was s first published i in in 1877 and 
was later translated into English by Robert E. Baynes. The only modern 
cat ‘pu ublication in English is the work of Leonard B. Loeb," which describes the 
mo ost. recent experiments. All other treatises on this subject are referred to 


9 in these books with one exception which, unfortunately, has received little 


or no no notice. That i is the work of Severinus J. Corrigan,” ‘which: the writer 


n made, thé ‘firet: ‘three 

‘foundation stones” of the were: discovery by the 
botanist, R. Brown (1827)* of the microscopic “Brownian Movement” among 
small particles of matter suspended i in a liquid, motions now known to result 3 


we 


from “bombardment” by molecular motions of the liquid. Not ‘until 


gas molecules. At this time, ‘the experiments of Professor R. A Millikan 


euotents 
“Kinetic Theory. of Gases, ” by Leonard B. Loeb, 1927. 


Constitution and Functions of Gases, the Nature of Radiance, and the Law 
of Radiation,” by Severinus J. Corrigan, Pioneer Press Co., St. Paul, Minn. (1895). Peed : 


* Philosophical. Magazine, Vol. 4, 1828, p. 162, et seg.; also, 1829, 1830. 
‘The Blectron,” Univ. of Chicago Press, 1917. put 
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ware: dantiinky- to visible bombardment by ges molecules, movements 
— j.. were certainly subjected to visible bombardment by gas molecules, movements | 
whieh could be measured and ‘plotted into a diagram for statistical analysis; 

Joule’s® experimental determination of the mechanical equivalent of quit 

heat, and his application (1848) of the kinetic theory showing that the — r thei 

temperature, internal energy, and pressure of the gas, were associated with — 

"Transactions, Am. Soc. C. B., Vol. 94 (1930), pp. 834842 any 

dons 


the kinetic The mec 
nected external work and internal energy with the specific heats. He : also as Lae 


= showed that the total molecular kinetic energy in a gas volume must be dis- 


tributed among any three directions: chosen at will; 


once an to the mean velocity of mean 


square) ; and (3) in 1859, his first paper on 


“Dynamical Theory of Gases,” ‘prom 


formal t theory of probabilities as treated i 


: ili ities in all directions, the of the velocities being distributed — 
among the molecules according to the law of error, which, as applied in 


the kinetic theory, i is called “Maxwell’ s Law.” Many other great names ar 


associated with the kinetic theory. es hey ‘must be sought in the references — 


to gain a correct notion of the labors of these men. ~The quantum theory 
of Planck will also be found. The work of the first: three is 


sing gain some idea of the absolute of the theory 
Eg may consult Jean’s | treatise (page 8), or Loeb’s book (Appendices I and im, 
both of which have been. previously mentioned. Some of these magnitudes — 


‘Number of molecules per molecule, Loschmidvs Lp 


Velocity of hydrogen molecule, centimeter "18.89 x10" 


Hydrogen mean free path, i in centimeters. .. . 83x 10- 

exhibit certainly warrants Jean’s conclusion, or statement tl that the 


; kinetic theory ‘is so “ fine- grained” that “the phenomena exhibited by § a gas 
bie constituted in the way described will ‘be indistinguishable, so far as expe 
- ment and observation BO, from those of a continuous medium.” 
what has Just been said, but writer has shown the ‘same i 
quite another way, by means of Equations: (10), (11), (20), and and 
their fundamental corollary, previously stated. The necessary. and sufficient 


conditions for similarity are e expressed by only the first three Saporecnt 
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It follows that, if the technique is required only to 


the physical. constants of continuous matter, or of discontinuous matter 


found by experiment to_ satisfy the assumption that it is continuous, there 


will be no. necessary use for any theory of. discontinuous matter, such as the 
kinetic theory ; and, as experiments without number have. shown gases. to 


act as continuous substances: for the ordinary problems of engineering, there 
should be “no need for the 2 use of the kinetic theory i in. “model 


On the other hand, ee writer sees no reason at all why. the kinetic theory 


r example. the atomistic is ‘completed, and | experi- 
ment has been applied to. the corresponding mechanisms, it will almost surely | 
be found that Nature already provided many atomistically similar 

systems. . In another generation as remarkable as the past, as it was with 
Sa 4 radio, engineering science may enable every school boy to construct ‘atomistic: 
models by means of ‘ ‘stock parts’, on sale at the nearest, variety store. Seta” 
conclusion is that gases, as, well as_ liquids, may still be treated as 
“continuous, and that the kinetic theory has found no place in model oa: 
neering, especially since it was shown in Article. (15). that the great lacuna 
of fluid dynamics also ‘extends to the kinetic theory, as it ‘relates to problems : 


(22) Limitations of a Science not Necessarily Limitations: on Newtonian 


@m 


Model Engineering y—This question involved Professor ‘Bateman’s 


The very next, and more 


ih. ‘Nothing illustrates the truth of the proposition | better than the facts if 
closed in the writer's. paper, and this closure, that, although hydrodynamics 
is a barren, science in the domain of turbulent, motion, a true model of a 

ee hydraulic system may be constructed so as to perform with theoretical (pl 


known with practical ‘accuracy—the ‘coefficient ‘of. 
All ‘that is needed to complete the ‘theory of hydr tii know 
method of operation. the fundamental of similarity the 
oi "construction of a true dynamic thodel is entirely independent of any method 
of operation or ; mechanism. It depends only upon Newton’s law of similarity, 
: and the engineer’ 8 ability: to match physical properties, materials, and general 


0 ‘satisfy the Tequirements: of Newton’s law of s similarity, the model will be 
similar to ‘the prototype regardless. of the functions of the physical ‘constants. 
-™ his is the ‘great advantage 0 of a ‘Newtonian n model, which becomes a veritable 
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lems of 


papers,’ does not depend for its “accuracy oe motion, but ‘only ume 
compatibility of the physical constants which govern the Brownian motion, 


properties of molecules, ete. Newtonian model ‘constructed on these lines” 
t be exact, even in the Brownian region. 3 th the same way, in passing 


; s to the region of the velocity of ‘sound, the engineer is not at all ‘concerned “ 
but onl with the physical constants which control 


‘to the of sound. No attention “need: to the 


detailed mechanics propagation. “This is another question answered 


i bas 


are at all known theoretically, yet, it the 
are known, there i is nothing to | 


“Ballistics” in several editions of ‘the Tt. seems 
to the writer that viscosity and elasticity should explain all, and that it: is 


“and bullet. it obtain in air a of itself, 
"sure and viscosity are properly adjusted, » as in the writer’s Appendix 
i tt (23) Coefficient of Viscosity—Fundamental Error in T heory. —The « ques 

tions raised i in the discussion —" to viscosity led the writer into ‘investi- 


an ‘error ‘made by Maxwell in the of ‘momentum in the 


and molecular 4 


consequences of doubling the values of all the free 
the « erroneous formula, and its ‘more recent will be appre 
a great many, should give the ‘most reliable values of Aldecisleen of the mol 

. ig a cules of the various gases, since the diameters are known functions" ‘of ‘th 
paths, by a formula first deduced and almost 


ugust, (1981 GROAT ON THEORY OF SIMILARITY AND MODELS 6°) 
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Gicalculating machine for the solution of the most difficult prq 
4 —= § It is concluded, that a model in the region of the Brownian motion (a 
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act viscosity of a gas with the density, molecular mean velocity, 
‘mean free path for the same gas and its molecules. This disctosure show 
_ that the values of the mean free path which have since been 
mow Maxwell’s formula from experimental observations of the coefficient of 
plete  eosity, must all be doubled, in order to effect the necessary correction. The 
z the _ last statement is founded also upon another disclosure of the investigation, u 
thod 
irity, 
neral 
(20), 
not 
ill be 

tants. 
itable Mogazine, June and July, 1860; “Collected Papers,” Maxwell, Vol. I, 
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states :” “The n of afford the best of obtainable.” 4 


Maxwell's applied ‘Clausius’ free path the relation, 1 


“number of molecules per unit volume (“molecular density”). Henee, it 
ee ae clear that all previous values of ¢ calculated from the erroneous values of L 
be reduced in the ratio of VE since must be changed inversely 
io 


asl is changed, in order to effect the correction, All other values ealeulated 
- from the erroneous | free path will also be in error by corresponding noua. 


: error, committed deduction of the formula for 


takes place along the line. in n which ‘the but it is 


~ not stated that force must result from every change of momentum. 
Newton said 1 “change of motion,” he referred to motion, not _momentum. 
For example, one may increase, or ‘decrease, the momentum | of a system by 


as in the manner described in n Article (19), “Momentum 
’ No force, or impulse, results from such a change of momentum, — 


is, a of 1 mass with no of motion, 


Assume that 


the gas flows in the positive direction of the _conformably c chosen 
g-axis of right-hand rectangular co-ordinates, x y z, positive direction of z being 


ine 


“3 


cons 


mue 


“upward. Suppose, that the gas is limited by two horizontal 


“upper on the» theory that there can no slip along a bounda 
surface as between that surface and the gas. Thus, molecules of gas in con- 
se tact with the upper plane (face. of a belt) must be dragged: along with the 


plane until their “molecular motion” motion) causes them to spring 


ee that each molecule traveling ¢ over a apie oe carries with it the: horizontal 
re motion (“mass-motion,” as distinct from molecular or heat motion) ¢ 
riate to the point of beginning of the free path. _ Therefore, a ouctickd 
springing on to the lower face of the upper plane will reach it with a deficient 
velocity, since the mass- “motion is horizontal and must gradually decrease to 
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Under ‘these circumstances, the transverse velocity gradient, 
mass-motion of velocity, u, parallel to the planes and the a-axis, becomes 


¥ - constant from one > plane to the other, and r may be. represented by a straight 
Tine sloping forward and upward» inv the ‘positive direction of ‘mass-motion. 


Molecules - arrivin, 2 in the lower | plane, Z= 2, will have onl y the slight com- 

‘ponent mass- -motion, due to an average of one mean path 
above the plan ne, in uilibrium i in the lane, z = z, and also those 
? 


traveling: upward in the first free path, I, above that plane, will have no mass- 


motion, ‘since the plane, z = 2, is supposed to be at 

It is also to understand why the velocity gradient, be 

‘mechanism is an ingenious 


‘divide of ot to ‘simplify the analysis. Iti is not only because the planes, 
g=2, and z= %, are infinite in their horizontal dimensions, but (which i 


i much more important), because the gas pressure is tacitly assumed to be -uni- 


a ~ form in each horizontal plane; there i is no pressure drop along the direction — 
of: fom, theme were, — could not be. constant, fon, the shears 


words, ‘the only source 0 of energy to keep the gas in motion is ‘that 


2 to the molecules of the gas which ‘reach the upper plane (lower face of a 
moving belt) with. deficient m mass- motion, _and which, therefore, must 
- accelerated by the contact with the upper plane. The mere assumption of a ha 


eady | state of ‘motion. is not sufficient, by ‘itself, to establish a constant = — 
_ transverse velocity gradient (the steady flow in a capillary tube is. is a a practical — 
illustration, the velocity gradient is a parabola). pot, or 


By Joule’s law of energy distribution, | one- -third the the gas, 


i ig? 


; and, therefore, one-third its mass, , may be considered to move parallel to each 
the three rectangular co- -ordinate axes, “and with: ‘the mean molecular 


ap c; one- -sixth the molecules, or mass, positively, and one-sixth, nega- 


: tively. Moreover, each molecule, on the | average, “Moves over one mean free 
ta 
path, 1, between any two of its consecutive ‘collisions. Hence, each time an. 
ively 


upward moving molecule collides, it ‘will, on the average, hive its velocity 
eory, increased by 1 units. Correspondingly, a downward moving molecule will 
ppro- its velocity decreased by units. the principles pointed « out under 


no molecule, or molecules, can experi- 
ence. of mass- -motion ¢ any ‘molecule leaves its position in any 
plane to “pass to another for it is to 
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mus y Joule) be ec per uni ime ) eing e density), while its c —_—, 
t (by Joule) be ¢ per unit time being the d while 


ot eee of momentum in the ~ dit direction must be, by the ensuing collision, that due 
to the i l—, of in over the Lin ‘the 


dz 


This chang ‘whole force” on ‘the mass, 


= 


Therefore, considering the well- known formula, v= for t the ‘shearing 


tress on a plane in a viscous liquid, ‘it is concluded that the ‘coofiicient, of a 
iscosity ‘of a gas is, =4 cl, in which, ‘the numerical coefficient is exactly 
one-half the value found by Maxwell and all other analysts since his time. ae 


_ By similar reasoning, the shear . on the same ‘unit of area, considered as. 


aes part of the upper face of the portion of gas lying | below. the horizontal plane A 
of shear, will be found to be the same as before, but i in the o Pistia! direction, — 


The error which Maxwell sid ‘subsequent analysts have made, consists 2: 


g the changes of momentum which are experienced by both the upward | 
tad moving molecules, just as though a upon leaving 


volume sho uld ‘require a change of motion, before” it could” 


3, but not “true, for. is supposed by Maxwell 
molecule starting its free ‘path. has only the mass- -motion “appro- 
priate to starting point, just as a ball thrown laterally from a railway 


train has no mutual action and reaction with the train in, the direction of ‘Spin 


should extend only throughout the volume. on one side of the plane of shear, 

order: to find the shear on that plane. rath alow ates 
In 1 other words, as confirmed by the principles of statics, and as” made 
clear by the free-body method (a most valuable aid to the elastician Sia 
structural ehgincer), the shear on the plane i is in equilibrium v with the forces 
on only one side of that plane. — The integration in the volume above the 


plane i | the shear on the plane considered | as the lower face of the free 


ia Now, to find the effective “shear” on any vent : of a rigid structure, as 4 Eo 

proceed exactly as in a gas; this may consist in finding the _ be 
by the “free-body me 
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the equal and shear on the gonsidered as the upper 
face of the free body below the plane. is simply an application of 
a bert’s principle. enabling one to treat a a problem in dynamics by ° the method 


- This is a very simple matter, but very deceptive, owing to the fact that 
- jeanador of momentum, by itself, without reference to the circumstances of 


” ae Inp pointing out the nature and amount of the error just disclosed, it was” 
not at all necessary or desirable to introduce the detailed ideas" connected 


the error consists merely in doubling the result of an. integration 
such distributions , and does not consist in any error of statistical analysi 


other than the errors in one set of limits of integration due ae the erroneou 


on 

Of course, the foregoing does not relate in least to numerous 
corrections of the numerical coefficient of ocl, which . from time to time have 


proposed or adopted by reason of changes in the method of 


ve As mentioned in Article (19), “Momentum Transfer,” the “a mai in 


which two or more bodies ¢ can be brought to a common velocity by their 
4 mutual impacts, i is that the impacts be wholly inelastic, | or have the precise e- 


effect of such inelastic impacts. Hence, it remains to be explained how it 
: > can be, that the supposedly “perfectly elastic” mutual actions of the molecule 


of the kinetic theory | can become effectively inelastic when changes. of mas 
motion require. consideration. — A little reflection will soon convince | one that 


‘the very existence of the kinetic theory ‘depends upon a satisfactory explana- 


tion of this possibility. — Otherv ise, the kinetic theory must fall because it 


would be impossible for oo ” be both elastic and inelastic at the same 


ndependent "Verification. of the Wester Since the 
ot a given body cannot be brought to the ‘common velocity 


stream of other bodies by their mutual actions and reactions, except by an 
: impact, or aggregation | of impacts, of resulting inelastic nature, iti is ; neces 
‘sary to explain the possibility . stated in the proposition in Article (23), 0 or 
‘the kinetic theory which connects mass-motion with molecular motions must 


collapse. This follows from the accepted fact that: the mutual actions 


the kinetic theory are ‘ “perfectly el elastic,” or, , more properly described, wholl 
“conservative” ; ; and, Settee from the. axiom that the action of a mc 
cannot be conservative and ‘non- -conservative ‘simultaneously. 


iy It will a appear that: the proposition is true because of the | presence of two 


convertible types. of ‘motion—molecular Cheat) and mass- 


mechan sm sm which ‘supplies to elastic ‘moles 
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orces Mass-motion is converted into molecular motion, the energy of the latter 
e the may be regarded as having been dissipated, in so far as mass-motion is con- 
free into heat motion is the necessary 
gives a les the property of effective inelas- aor iy 


ticity; the ‘ dissipated” “‘mass-motion th the ‘energy “ost”. by 
he The general problem of ‘Impact is is usually treated in books « on dynamics _ 4 : 
(see Routh’s treatise on momentum,” previously cited), ‘but the writer doubts 


that the problem | here to be treated has received much attention; that is 


ase 


the effect - upon a ‘molecule which is suddenly placed i in a stream of other 
olecules. The treatment here will be brief. FOR 


When two bodies bring themselves to same velocity the same 
_ straight line by an impact (as, for example, during the ‘ ‘axial”: ‘collision of ; 
two perfectly elastic spheres at the instant when ee begins), it is 
- doubtless well understood that there must be dissipated, or stored, an amount > 


of energy exactly ‘equivalent to exchanged between the bodies in 


velocities. In perfectly elastic of two spheres, there- 


fore, the numerically equal variable acceleration of one body 
retardation of the other, must ‘continue after restitution begins, so that, owing 
to mechanical symmetry and the equality of action and reaction, the restora- a 

_ tion of ‘resilient energy must oceur by a continuance of the respective variable 

—aeceleration and equal variable retardation, until the two equal spheres 
exchanged their original velocities which e: existed | before axial 
collision. this instant the resilient energy has been fully ‘restored to 


kinetic form. . If the spheres are not equal, the is precisely 


K 
_ same e if, f, instead of the word, “motion,” or “velocity,” the word, “momentum,” 


"were inserted, thus harmonizing the ideas of elastic collisions , and ‘ 
tion of momentum.” In using the word, “momentum,” in 


the greatest care “must be taken not to Newton’s laws of motion, as” 
clearly explained under Article (18), “Momentum,’ ” and Article 9 ‘ 
tum Transfer.”. of Otherwise, the palin of conservation of momentum does 


is In Maxwell’s in Article (23), the number of mole- 


‘ cules and the total kinetic « energy at any level soutinee the s same, since the 
density motion are supposed not to change. Therefore, 


every molecule which antes: a level. another must leave that level; and for every 
amount of energy, ma’ — "deposited (or withdrawn) i in any level, 


‘econserva- 


BAT 


mechanism supplies an excess ‘energy to any ¢ levels, 
ug that energy must be rejected as mass-motion to re-appear as molecular motion. 4 
i a The upper plane (moving) delivers kinetic energy to the molecules imping- % 
ing 1 upon it from below. — These molecules then spring downward, and, on the ; 
way down, have an excess’ velocity ‘at every elevation they reach, owing to 
the fact that the excess velocity, a, is always dropped (Maxwell's hypothesis) 


a the paserge of the molecule over each vertical mean n free path, l, on 


or at the per unit length of the vertical 


e 
> 
fr 
= 
f 
= 
— 
— eale 
be v 
uown, 


7 another ‘molecule must arrive at that level bringing with it the energy, 


collisions with other molecules, but, since it ‘its 


always exactly appropriate to. any in 1 which the molecule may y linger. 


Maxwell’s mechanism clearly ‘requires that, for every” molecule 


arrives at any level bringing with it the energy, 4 m (v +a)’, from above, 


—a)* from below, and that, simultaneously, two other molecules, or 


these same two molecules, must | leave the level carrying away with them the 


energy, . Therefore, for every ‘molecule which reaches any given level 


ee from either above or below, but not from both directions combined, ‘there 


will be delivered. over every vertical Mean free path an excess energy of 


[(v + a)* + (v —a)*— = = ma’, which, accordingly, must dissipated 


fe _ By J oule’s rule, the rate of 1 molecular flow of mass, in only, one direction 
of the vertical, must be te oc per “unit horizontal area per sec. ‘Hence, ‘the 


rate of dissipation, or power loss, is tec per vertical mean free path, 


“mean free path “per unit mass passing down, or up, , but not both. 


per unit volume | per sec, - Substituting the value of ¢ a, the time Pe 
tate of dissipation of energy per unit volume of Maxwell’s device i 


cl in which, ois the by Stokes 


to ‘this “analysis, in “Lamb's (8) (or. in Stokes’ 
which i is the same, when the density is made constant), to get the value of 


emembering that, Maxwell’s s device, u is the velocity parallel to. 2, 
=f=h=v=w=0 (see Lambs Art 


different notation; t that i is, a a=), one, easily finds | o= 


"Therefore, after comparing the two ro values of it. is concluded: that 


value deduced previously by. the correct use ar the properties of momentum. ; 
, ee is permissible to use the hydrodynamical equations as being rigorously é 
3 act in. the foregoing ‘method of deducing _ the formula for the coefficient 
f viscosity | of a gas, since the problem treated does not lie within the 
‘region of the great lacuna of hydrodynamics. teat 
one does not wish to use hydrodynamics, the verification of the writer’s 
calculation of the correct value and form for the coefficient of viscosity may : 


be very easily ¢ effected by simple ‘mechanical considerations. follows from 


“Hydrodynamics,” Lamb, Third Edition, p. 541, quation (8), See, 
also, Stokes, ‘On the Effect of the Internal Friction of Fluids on he Motion of Pend : 
1 Cambridge Vol. 9, p. 58, last 
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aie & = the simplest axioms of dynamics and statics that the shear on the face 0 eee 
— 


plane within the ‘fluid, and that the transverse vel oeity gradient 1 must also be e 


same as at< any level in the fluid. herefore, the shearing stress, or friction, 


per unit area of the face 3 the belt is eee - and, as the velocity of the belt — 

is Z — in which, Zi is ‘the height of Maxwell’s mechanism, the power supplied 


au\'x XY. Hence, 
to the devin, X, and | breadth, Y, isp Z(“) x XY. Hence, 


since the whole volume is XY Z, na since the whole of the energy must be 
‘dissipated into molecular off ‘account of the steady state of the mass- 


motion of the fluid, the time-rate of dissipation of energy es unit volume © 


Therefore, as before, p = which | is another independent verification 


of the formula for the coefficient of viscosity, of a gas, in terms of the density, 


and mean free path. ‘these verifications of 


collisions of spheres, or any other type of bodies of perfectly elastic quality. a 
It is not stated by the writer that the collisions « of elastic spheres ; are attended q 
with» an a actual | dissipation of energy. The dissipation which occurs, 


e 4 
=H is that of mass- -motion when it is transformed into molecular, or heat, motion, 


and as that mass-motion is being replenished by the motion received from 
“the “upper plane, at a rate equal to that of its transformation into heat, the 
3 state of the ; gas will not become steady until the loss of heat by conduction 


radiation balances the energy supply, so as to bring the 


of the gas to a limit consistent with surrounding conditions. 
Mee ee It will be of interest to predict the result to be expected after ‘correcting a 
values which have been computed by the erroneous formula connecting vis- 4 
‘cosity and free path. Jeans gives” * the upper limit values for the molecular 
radii of sixteen different substances which ‘the correct values should not 
exceed. In another table he gives corresponding lower limits. Of the ‘sixteen a 


given in the last column are greater ‘than their upper limits is 
that demands explanation. * * * If the molecules were known to be hard 
spheres the circumstances just mentioned would be perfectly incomprehensible.” z 


After correcting the sixteen supposedly. correct values. by ‘means of. the 


factor, 3, previously deduced, corresponding to a reduction of about 80%, 


it will b be found that all the Salk between their “upper and 
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ON THEORY OF SIMILARITY AND MODEL 
This, therefore, indicates that by applying the writer’s convection 
o the numerical factors of the various of f Maxwell’s formula, 


laws of motion, there should be greater harmony between the kinetic theory 


and experiment. than there has been in the past. ‘bes fi 

extends’ * Bernoulli’s ‘equation for an incompressible fluid to 
a gas by mere addition to the energy supply of. the expansion work, 


spdv. If other energy supplies and were not included 


are and latent heats; : 
. Hi is the work equivalent of any heat which enters the gas through the pipe 


Ea skin, or - otherwise; and PF includes all losses due to friction and other ‘agencies. 
The ideal gas formula is pv = ‘Rt, while u -Tepresents velocity. _ Since v is a 


specific volume, each term is a mere length, thus. relating to 1 Ib. of ae : 
Equation (123) i is general, account of all stores of « energy, 


Unwin’s hypothesis to Equation (123) toa rigorous of that 


- equation for the flow of | a gas in any conduit, which solution, however, con- 


integral, ‘The particular case of isoth mal 


al and internal tempe 
pressures at pipe ‘ends, : are observed. For a ‘permanent gas, since 


h, and L, become constant for isothermic 
hey 


in by. Unwin’s ‘supposition, may be. cancelled, since there must 


inserted on the left an increase of -molecular-motion equivalent. to and 
‘both. must be dropped. ‘Henee, the only energy supply necessary is 


Mig 


transferred pipe skin, the: proper substitutions, and 


fs is a to used for the rate of flow, 


per unit area of pipe section, in which, r equals the ‘internal radius 


ES 
i 
| 
§ from Lamb’s formula; but, to consider all kinetic and potential possibilities; | 
(198), 
4 
— | Relative to the conservative relation 
Bt: has made a most cogent hypothesis for the flow of a gas by supposing all haere 
a | 
Jos | 


Gas film; pipe skin; film. Coefficients of additional pipe coverings 
may be {eoluded in the summation. When the pipe is level, z—z,= 


entral term vanishes, and the solution becomes a cube root. Cubics of 
+ 
pe (25) ‘Individual Discussions. —All the important questions raised i in the dis- 


ussions may be reduced ‘to two: Fluid dynamics and coefficients and viscosity 


and kinetic theory. _ The former class arises in most of the discussions, while 
latter arises anainly from the and Bato 


te 


reference to Articles (4) to (12), (16), (22), it will be geen. that in in 


model engineering is immaterial to ‘the 


all be avoided either the of th the 


in 1918." This suggestion has actually been used with great success 


in testing airplanes.” Mr. B. Melvill J ones has stated : 


“The highly practical importance of some of these critical flows has led 
a to ‘great efforts being made to devise laboratory experiments — in which ‘the 

a Reynold’s number will be the same as that of the full-scale flow to be repre- 
sented. One way in which this has been successfully accomplished, though © 
-. at great cost, is to enclose the whole wind tunnel in an air-tight chamber + 


pumped up to a pressure of some 20 atmospheres ; this increases some) 


refers. to tests cat Langley Field, but the writer does. 


Naty 


would ‘surely ‘be correct routine to enclose ‘the w wind 
“‘tannel, as ned, thereby 


Th. Kérman might easily | have discovered Maxwell’s error in deduc- 


g the coefficient of viscosity of a gas by the kinetic theory, had he recognized | 
‘the. consequences of his method of comparing 9 cl with yp, in the article cited 


by Professor r Bateman. However, the result would have been obtained by 


means of 1 two. compensating errors: (1) Use of momentum transfer® (impulse 
Py ansport) regardless of Newton’s laws of motion, ‘as pointed out in Articles 


: % 
) to (24); and (2) use of one-half the mean free path instead of the whole. — 


The writer did not say: “Nothing has ever been added to any of Newton’s 
heories.” He referred | only to specific theories, and re- affirms his statement. 


Relative to Lieut Roop’ assumption of Newton’ 's ignorance of “viscous: 


Rigs See “Recueil de Formulas et de Tables Numeriques,” par J. Houel, 1901, D. XXXII; F 
also, Smithsonian Mathematical Tables, Hyperbolic Functions, by "Becker and Van 
Orstrand, p. XXVI, Washington, 1909 ; es ngenieurs | Taschen uch der Hiitte, Berlin, — 


Transactions, Am. Soe. C. E., Vol. LXXXII (1918), see pp. 1179 and 11 
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‘trition, ‘the best answer is given by 0. E Meyer in his “Kinetic Theory of 


 Newton’s theory will therefore be proved to be true if. ‘different measures 


of the internal friction, especially if made by different methods, give the 
same value for this constant. Such an agreement of measures has really “+ 
been found, both for liquids and for gases, as will be described later in fuller 
detail. In gases a with has also been found 


Stokes” in 1846), 


as Maxwell’s error, ‘relates to viscosity. 
ws" It i is idle to talk about reading a meaning into Newton’s words biases one 


a as acquired the : ability to get from those words the meaning really expressed, — 


especially when read in the Latin. Lieut. Roop’ remarks to the effect that 
sphere would meet n no resistance in an infinite. frictionless fluid 

are most certainly wrong. If the velocity i is high enough a cavity ‘must form 
Gust as Newton stated)” and resistance must occur, the dissipated energy 
resulting in: accumulating kinetic disturbances in the fluid, which, however, 
may never be abated. (See. Article (17.)) Concerning frictional drag of 

~ solid surface, the writer cautioned against making the error charged against — ie 
ie by Lieut. Roop (See “Historical Background” the writer’s paper). 
Relative to Lieut. Roop’ remarks referring to Froude (see Articles (14). 

(16)), there can be no greater mistake than ‘to refer v viscous resistances to an 


exponential power of. the velocity. By so ‘doing the two theoretically exact 


i fused, thus blockading the development of the exact science of hydrodynamics 
as ‘pointed out in ‘Articles (4) to and (14) and (15). Lieut. Roop i 


‘ components of the coefficient of resistance in Article (14), are completely con- 


on the wrong “track” and will: surely fail to secure ‘results of permanent 


& . 


ae ‘The y writer was correct in stating ‘that, ‘if the over- all exponent of. skin 
friction is 2, the scale of the model is immaterial. _ This fact was discovered 


many years ago by. that “most able analyst, M. J. Bertrand (see Articles (3) 
and (16)). If the exponent is not 2, a dynamic model. cannot exist, 


the scale is properly related to the constants involved with the model. 


was. to remove this inaccuracy | from model technique that the writer adduced 
Equations (1), (12), (20), and as fully explained in the paper (see 


3 particularly, Articles (4) to (18)). _ Lieut. Roop’ s models are not true ‘dynamic 
9 models. Froude never claimed that they were anything but geometrical | models. 


It is not the. model ‘method which excels, but ingenious method 


correcting defective ‘models means of his. tables, 
tesistances applied to planks towed ed ewise. The ipower of ships. can be 


O35 
estimated ‘nearly as well without ‘such models, as Froude and others were 


& amply able to do. Ina true dynamic model it is never necessary to adjust 


kinematic. coefficient of or other 


In ‘the. section 
tion pp. 172-174. 


Transactions, Am. Bee. Cc.’ ‘vol, 94 (1930) DP 36. 
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me of the model (synthesized materials) ‘according to the specifications: 


of the of ‘similitude, Equations a, 


ok Mr. Karpov’s methods seem to be similar to that of Eisner rather than a] 
the new method v which has been previously described by the writer. The 


‘entire matter of elastic models arises very simply ‘out of the ‘equations. of : 
‘si ilitude, Equations (11), | (12), (20), and (21). Al one has to do. is to 


“see that any ‘two independent coefficients are ‘properly’ ‘installed in the 


written from these equations, and he may then rest assured that every other 
elastic: ‘coefficient. (excluding limit coefficients, which must. be treated sepa- 


rately) will perform correctly. In the case of reinforced concrete, “special 


materials must be found, ‘or. "synthesized, so as to have these same fi- 
ye cients in the proper ratio to the other two in the concrete. When that i is done, 


the ‘entire 3 reinforced structure will be in proper elastic regimen, assuming ‘that 
the limit coefficients have also received proper attention throughout. 


ei 


writer invites the attention of Mr. Karpov and other structural engineers, 
i only to his paper, but especially to the sections of this closure inclusive, from 


“4543 Articles (1) to (13), which will be found to give a generalization concerning 


In ‘Teply to Professor Draffin: it may | be stated that an immense amount 


river flow and river-control | engineering is done in the United States. 


The work | on the Mississippi alone will compare favorably with all the rest 


a such work i in the world | during the past: hundred years. ‘Besides the work of . 
af ts 
U. Army Engineers in general, only one ‘name ‘need mentioned, 


the late James B. Eads, M. Am. Soc.C.E. 


Relative to the last two lines. of Professor Draffin’s discussion, the 


eee states confidently, that, » in respect tc to similitude, the United States i is actually 
$ 
advance of the rest of the world. Since all hydraulic frictional resistance 


f every kind i is primarily due to viscosity, it is the most important constant 


Neither g n nor, relates to the acceleration of g 


tude. _ They relate merely to resultant accelerations at particular points 


all similar systems, and frequently may each be zero at. ‘particular ‘similar, 
points, regardless of what the gravitational force may be. Mr. Smith confuses g 


of similarity with the laws” of gravitation, which error has been 
eta | in Article. (16). The idea that there i is a material difference between 


the flow ix in open: and closed channels is wholly. wrong. are ‘identical, 
in so far as dynamical relations are concerned, the same general equations 


both, _indiscriminately. _ Newtonian s similitude- is much 
oe easily applied to closed channels than to open one nes. This ‘results from the 


fact that the acceleration ratio, can be controlled in n the | case of “closed 


% 
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eas, in ‘the case of open ‘densa it is frequently necessary 


that ratio “unity, limiting testing conditions considerably. 


The acceleration | ratio in closed pipes may be controlled simply by adjusting — 
erminal pressures, just as they were controlled, or observed, in Stanton and 
annell’s experiments, and many others since. The case for gases is similar x 


° that for liquids (see Example 2 and Appendix I, as well as Articles (3); 


eynold’s number: just as important in open channels as in their 
‘equivalent? closed forms. The acoustic ratio is self- eliminating from true eet 
models, since it depends solely upon well- ‘known 1 physical constants 


whatever need be paid to it “(see Article (10)). "Appendix I, which involves 
all equations of similitude, corrects permanently for combined compressibility 


and viscosity, without requiring calculations, thus providing automatically x 
velocity. of sound and resistances, as successfully applied in the airplane 


7 


tests mentioned by B. Melvill Jones. Far from using the dimensional 


method of analysis, es inferred by Mr. Smith, the writer uses only elemen- _ 


algebra, as, for example, Equations (11), (12), (20), and (21). Of 


course, dimensions of terms occur (and, alas, should appear) in all dynamical 
equations. Isotropic elasticity, as used in structural | engineering, is a per- 


ty 


fect science (see Article. @ to (15) for safe ‘conditions of 


the constants depend upon only two, with a few limit coefficients (see Articles 
F (5) to ay). T herefore, all the elastic properties mentioned by Mr. Smitl 


and some others also, are easily determinable. ee here is “Tess. trouble than 


with fluids. Mr. Smith mentions vectors” connection with ‘elasticity, but 


not with fluids. As a matter o of fact, the | fundamental equations of elasticity 
and of fluid motion are mutually, convertible see ‘Article| (14)), one into 


the other, so that there is no fundamental difference between them. 

analysis finds. its best foundation in parts of hydrodynamics, as, for hor 


i in Stokes’ solutions of important vector problems in the papers « cited, some | 
of which problems are famous. _&E. B.W ilson’ s presentation of Gibbs’ “Vector = 


“Analysis” includes some of Stokes’ problems and theorems reduced to ‘modern 


vector notation. Other go od works care: Mason and WwW eaver’s “Electr 


“als magnetic field”; Abraham’ “Theorie der Electrizitat” and, of course, 
in Maxwell’s papers. These citations, including Stokes’ Papers, will. give a real 
nfuses 

view vector analysis and its” development. Dynamic models are inde- 


pendent of vectors (see “Corollary” in Article Reference to. ‘Ra kine 
“Applied Mechanics” and the treatises on “nentioned, 
will clear up all questions in elasticity. 


By ‘referring to Mr. Smith’s citation to a ‘correct, * ‘air screw” theory, i 


will be found that Professor Gibson has given the substance of thes writer - 


demonstration. of the accuracy of Newtonian models of _ Viscous flow. as 
described in his ; paper on “Tee Diversion, Hydraulic Models, and 1 Hydraulic 


ity and Model ” by 
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Similarity” previously cited.“ The theorem. was gy 


ave done is to show cha of geometric 
dynamical similarity can be imposed simultaneously in a hydraulic model 
~ so that it will reproduce the prototype both in form and action, and that this 
possibility is in full accord with the generally accepted of turbulent 


Eisner’ discussion is very. interesting, but discloses. the fact that 4 


he is confusing ‘Newton’s theorem of similitude ‘with Newton’s 
laws of motion. Of Newton’s theorem of similitude, he says: 


states 0 only the fact that forces acting upon masses produce accelerations.” 
This is. merely a qualitative | statement of the second law. Furthermore, Dr. 
Eisner “The ‘introduction of density Newton's 


T his is another result of Dr. Eisner’ | Moreover, he : men- 


tions Newton’ implied reference to corresponding forces, he neglects. to 
mention Newton’s expressed statement. _ concerning corresponding accelera-_ 


tions, corresponding ‘velocities, ‘and ‘corresponding linear dimensions, which 
: he later calls “Froude’s s law.” - Similitude cannot be understood until Newton’ 's 
- definitions and theorem concerning it are understood d (see Article (16)) Rss | 


gent seein practical essence of Newton’ 8 theorem of similitude i is the 


en 


systems, theorem clearly states that if ‘has adjustments are made 


the engineer, then starts” the bodies with similar motions, the 
and kinematical ‘similarity will continue. There is” tacit: 
in the theorem concerning initial ‘similarity (see Article. (12). 


makes no difference how the adjustments are effected “(see "Articles 


_ Concerning ‘Equations (11), (12), (20), and (21), ‘the first is not to 4 


ndependent. It ‘is merely a Specification of scale ratio. (see. Article| (4). 


The other three are solve d for L, and using the | physical « constants of covers 
such materials as ‘the engineer ‘most appropriate. If resulting scales suitable 
are not atisfactory, materials must be changed, treated, or synthesized, a8 The rea! 


“es ow - practised in the U nited ‘States by the writer and others, 80 as to produce it 


satisfactory testing conditions. T he writer: is ‘advised by James W. Rickey, 


es} 


M. Am. Soe. C. E., that A. J. Ackerman, Jun. Am. Soc. 0. E., has put into 


execution this getidral of synthesizing concrete of ‘proper ultimate Writer} h 
trength (see Article (9), “Limit Coefficients”) for the model of the obelisk and the 


Chute Caron.* step in ‘the right direction.” It i hoped 
pp. 1186- 1188. 
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force” = acceleration), corresponding velocities, and 
corresponding linear dimensions, in such manner 
Equation (12)) shall be satisfied simultaneously (12) 
easily 
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_ which, indeed, can be 


ized, a8 


+ 
all physical constants of. his ‘models. by means. of the ‘equations of 


similitude (see Equations (1), (12), (20), and (21)). 


orkdh Equations (20) and (21) ) represent as as many equations | as there are prop- 
erty constants to be introduced. hen these property equations and Equa- 
- tion (12) exceed three in number, each additional property (in excess of two) em 
~ must be ‘ ‘adjusted” by proper selection, treatment, or synthesis of the material. 
Tlie problem is one of Newtonian model er engineering. — It is immaterial ho 


Dr. Eisner expresses: Equation (40) in terms of ‘numbers,” R, and 


is better to express by the constants, since they must be 


iss 


termined or given definitely, whereas , the ‘ are 


‘the “numbers” are not, If there 
ure n property| equations, there will be. n— 2 characteristics, each ¢ ontaining 
posh After using the first four properties, including t the 
f each new constant ratio is ‘abel to its own dimensional ratio in terms ii 
the previously found L, F, and to get its: value. In solving” the first 
our equations, the process ‘may be. inyerted $0. as to find values" of three 


sroperty ratios instead of L, F, and 


= 


Tt is a. mathematical fact that “Equation (40) 


Kh © 


ite inverted form, sets up the condition that any four properties ratios 


(scales, inverted form), including G, determine consistent seales (prop- 
erties) for model, based upon the corresponding solution of Equations 
(12) and the two Equations Consequently, is 


O= ad infinitum, in general. simpler by ratios; 


for 


Although thi 


The same is of The writer’s treatment’ of history 
covers about all there is of Newtonian models. The problem of providing 
suitable materials is not the main difficulty of Newtonian model engineering. 
The real difficulty i is that caused by the novelty « of the methods, and the scar- 


produce city, of engineers who know anything about it. No eriticism of of past methods i ont 


Rickey, intended, as Newtonian model engineering has played no part in 


Article (3), “Bertrand’s Models contains a | discussion. of Froude’s law; 
writer has treated the. subject of accelerations in his reply. to Mr. Smith: 


and the subject. of properties is. treated ‘Article. (4), 


and Example 8 
ya a very simple a 
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Discussions 


models sa stated in 
Ar le (4), | Newtonian models are independent of functionality of physical 
properties, so that adhesion can be eliminated from relations between similar 
as treated by the writer. a ‘matter of is 


as ina preceding Equation (44). It seems to 


the writer that Dr. _Eisner’s models are used empirically. They really 
not constitute models. ‘models are exact, thus avoid- 


Equation (31). “correction of this formula was ‘not, in 
correction of the formula, but an insertion of the correct, value of the « elas- 


when the formula used to determine the velocity of sound in 
“gaseous medium. _Dr. Eisner’s method, especially by making transferability 


solely on scale, leads to “difficulties such as mentioned in con- 
oa ~ nection with the ‘section on “Reynolds’ Similarity” in the main paper. i Thus, 


if a model of an airplane with a 75- ft. wing spread and a 1 000- hp. motor, 
capable | of attaining a speed of 200 miles per hour, is to be built to one- 


twenty-fifth of the full size, the model would need to have a wing spread of © 


3 ft. and its - power plant would have to generate 25 000 h.p. so as to permit | 
traveling miles per hour. _ Newtonian model engineering” avoids such 


impractical ‘requirements because ‘its flexibility. It gives an engineer 


Recently, there have been some ‘very interesting | experiments to determine 
Gnternal elastic stresses by means a condenser internally ‘inserted, the 


effects being amplified by a radio tube. - There have also been some tests by 


means of a a@ magnetic needle. ‘The measurement by polarized light is well 


; (26) Conclusions.—The following will summarize, this: paper and 


_The principle of momentum transfer, as it has. been applied in 


3.—The mean free paths which have been calculated by the erroneous 
a formulas based upon momentum transfer, are all of just one-half their correct 


alle: It will be necessary to correct all these values by doubling them. 


4, —Othe magnitudes of the kinetic theory ¥ which have been calculated 


by m means of the erroneous free paths, of which magnitudes there are many, | 
errs by suitable alterations of formulas and values. 
5.—AlL textbooks and handbooks, and all books of chemical and physical ¢: 


ba tables, ecg be carefully examined and revised, with reference to the errors 


ik salt deducing Equation (11), (12), (20), and ( 
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on | 
—The first of in the paper, is general as to physi 


properties and characteristic numbers, when appropriate of 
properties, numbers, and ‘notati 


only in Newtonian form, 


be adjusted to the system in in which ‘they occur, as required by Newton’s 


‘roude’ 8 Jaw is merely a a corollary” of theorem of of similitude, 
‘hich corollary’ results: by making the ratios of corre: 


all equal to unity. Correctly stated, it is: “As between m model and prototype, 


e. 


— 
‘truth of the sath ‘which the writer now w makes, nme ‘that the , great 
hydrodynamics, including aerodynamics, is is due wholly to the 
that hydrodynamics is not yet fully mechanis 


y 
id functionality of viscosity. 


rmit logues. Tt is is independent of all Kinds 
such theorem has nothing to do directly. That is to ‘say a 

will without “destroying the similarity, provided the acceleration 


vali is kept in adjustment, or "continuously adjusted, as -Tequired | by 


the theorem. Tf materials and general conditions are e unchanged, the original 


engineering stands proved ‘the only existing ‘method which will yield 


12- —By far the greater. portion of the writer’s closure results from his 
— "equations of similitude, Equations: (11), (12), (20), and (21). These equ 
ease tions “express the « entire theory of similarity, and represent. any kind of true 
correct 


mic model that can be devised, because alates the > mathematical ¢: expres 
sion of Newton’s theorem | of 'similitude. 
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esting paper is a a revelation, ‘inasmuch as it calls attention to the ‘fact tat ee 


a gravity. dam with sloping 1 wings might be subjected to tensile stresses even if, ie 


HH theoretically, all the hypothetical vertical cantilever slices were safe against 


stresses. In other words, the resultants of the forces acting on the indi- 


“bases, and the resultant of the dam as a whole may all outside the mi 


of the dam with respect to the | heel will be: 


the specific weight "concrete. The down-stream face re the. dam has. 
B d the up-stream face is 3 vertical. Furthermore, let the slop 


of 90° — an 2] 
of the wings equal 9 0 °—a, and let a equal the horizontal distance of an 


e ementary cantilever slice, dz, from the bottom of the > slope | of ‘the wing toward pis 4 


a The bending moment of the > cantilever slice with respect, to the wit 


= 


a. 


- Norr.—The paper by B. J. Lambert, M. Am. Soc. C. B., was published in March, 1931, 
Proceedings. This discussion is printed in Proceedings in order that the views expressed 
“may be brought before all members for further discussion, = 
Prof., Civ. Eng., Inst. of Pasadena, 


AMERICA 
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idle third 
- —| — This is due to the effect of the sloping wings. A brief analysis of stress @& 
conditions will be given in this discussion. Consider a straight gravity dam 
onstan se on The total hendino momen due to water press 


WN A. 
The total water re acting on this slice i is equa. 


H — x cot a) dx. we “tions 
ons 


eleme 
‘The lever arm of this force with respect to the 3 is 


ys A+ 2x cot indio 


, hence, the moment vias ) to water pressure on 1 the cantilever slice will be zg 


The consideration with a h (see F Equation (2)), 
thickness at the base equal to, 

we a dead weight of, © 


2 a)’ tan B dx . 


ye (H ax)” tal ‘increg 
s force with respect to the heel line of the central por- Eff Cc 
“insite 


and 
pitt 


3 
tary 


the m ment d due to te weight of the contil ever wertate will be, 


sum of Equations and (0), that is, de to oi! 
oa The moment. of all the forces acting on the two wings will be twice ‘the amt a a 
“moment indicated by Equations (5), (9), and 10), respectively, with x chang 


ing from 0 0 to H tan a, which i is expressed 


c 
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view 
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of forces acting on the dam, taken about the heel line of 
um: 


oft ts 


The sections of the dam are free from tensile stresses if the resultants are aa: 
RY full- si: 


to pass ‘through | the down-stream kern ae of the base section; 
ak at hedbitdug aww ve ta n? case 


horizo. 


| ever, 
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a = 

lever arm of thi 

; ea tion of the dam is expre 

y’ = H tan 6 —— (H — x cot a) Bus ax 

7 
— 
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— 

ie 

ff ing: “How- dam. 
d on this basis will never be in danger of 


ever, 
ing to Equation (12) so that the resultant of the forces on all cantilever sec- 


tions passes through the down-stream kern point at the base of all individual _ 


"elementary: cantilevers, it is obvious that the continuation oO 


the presence of tensile | stresses in central part of the dam when 


red as a whole. ports ms 


| Q The foregoing analysis i is based on the assumption eas the wings will 1 not 


be influenced by any load except. their own weight and the water pressure. 


_ This means that there i is no interaction between wings and foundation, or, ine Pi 
other words, that the » wings are not supported by abutments at all. In such 
a case the single vertical cantilever elements of the wings will have a a temend 
to deflect as a whole directly down stream. Such deformation creates hor 
zontal shearing stresses along the vertical cut.faces of the individu al cantilever 


slices, and these ‘shearing stresses directed down stream, constitute an addi- 
tional load ‘acting with the water pressure on the central cantilevers, thus 


% increasing the flexure of these longer elements and, consequently, introducing i 


eel Conditions are quite different if there i is real interaction between the wings 


4 and the foundation as may be expected 1 in every practical case. The elemen- 
be tary wing cantilevers. (Fig. 5(b)) may be considered identical with the upper 


end portions of the full central cantilevers (Fig. 5(c)), both from the ‘point of 


Mad 7 


view of their geometrical and from 


obvious that the wing sect’ ons are subjected to maller_ flexural down- stream 
deflection . than aaa) central section. oe urthermore, there is no ) greater ar 
of sliding in the wing cantilevers than i in the central cantilever, since the unit He 


horizontal thrust at all heights is proportional to the weight of the concrete 
column resting on the unit horizontal area. _ Under these conditions there is ay 


Al 


‘no reason why the v wing cantilevers should begin sliding sooner than the central 


‘full- -sized cantilevers : since e the former are owstceret to ‘smaller flexural deforma- 


& euis or sliding. On the other hand, this means that the wings cannot a. 


stresses directed down ‘stream in the central ‘part of the 


; the > wings deflect less the an the cen ral part and, 
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‘tan Furthermore, assuming wings that are not supported Parsi it is 
clear for the reasons given by the author that the gravity dam arched down dams 
stream is more efficient than the one arched up stream. This fact is entirely “arch 
onsistent with good theory. It seems paradoxical to state that ¢ an arch curved “the 1 pe ; 
of the 
Br 


former does not refer to a string in tension, ‘since the end 
dan 


una are missing in this case. “The individual horizontal 
arch slices are, in the present case, subjected to flexure and not to tension or 
compression. Hence, despite the characteristic geometric shape of the struc- tained 


cannot. be termed arches or catenaries, since there is ‘no eatenary struet 


ass The experiments made by the author are perfectly convincing for the case fm fr; by 


of free wings. — Ont the other hand, they do not represent actual conditions, the ce 


because of the lack structural ur between the and the foundation. 
unless 


ficient 


load at the center of gravity of the is, along its line of In 


water acts ‘uniformly over the entire area of ‘the width 
detern 


iS kinds of ‘die’ is eotominty The concentrated load tends to overturn the dam arched 
by direct action at the center, while the free wings do not. undergo any ‘efor aut By 
mation. = ‘They ‘simply tend to rotate about the heel of the central part of the @ re mc 


dam. The uniform water load, on the other hand, affects the central part regard 
p mostly by indirect : action through the shearing stresses developed between the ‘This 1 


wings and that part | after the primary deformation of the wings has occurred 


Professor Lambert - is to be commended for having called attention to the 


different effects 0 of arching gravity dams up. stream and down stream with a 


2 
Nees _ view to analyzing the stress conditions i in existing gravity dams located i in com 


"paratively narrow canyons. The | ‘problem as outlined, however, should not 


prove very important, because if the canyon is comparatively large the use of 


a straight gravity dam will be indicated in preference to an arched form, and 
' if an arched gravity dam is. used i in a wide canyon t] the advantages claimed | by 


e author are relatively insignificant due to the ‘comparatively insignificant 


imum of the Ww ings when compared with the maximum of the central part; 


in fact, the s shifting of the center ¢ of gravity that occurs as the result of the 
iz 


customary moderate, arching is extremely ‘small, “regardless of which way the 


dam is arched, and the structural deformations that take place in a dam 
arched up stream will compensate entirely for such a shift, 


ee 3 on the other hand, the canyon is comparatively ‘narrow, as in the mod 


experiment ‘described by Professor Lambert, the advantages of a true arched. 
dam will outweigh those of an arched SEAT dam ; that i is, such a site dictates 


ai: 
| 
| 
r 
| to war 
— | the po: 
In 
assume 
woul 
for the 
5 ing the 


and the arch loading increased in proportion, by ‘reducing the rated 


"arched ‘down. si stream, will not be feasible... In. any ‘case, in true arched dams 


the position of the c center of | gr ravity has no appreciable influence on the stability 


Briefly, Professor Lambert’s suggestions valuable as applied to gravity 
located in comparatively narrow ¢: canyons; but, for locations, 


M. Am. Soc. C. E. (by letter) —The statements 
“tained in the author’s paper are interesting and correct, based on monolithic — 
“structures ‘such as those used in his experiments. il However, for a full-sized 
dam split by transverse expansion cracks or joints, it is not possible to trans- 
fer, by shear or cantilever action, the weight | of the extreme ends of ‘the dam ae 
the central portion. In other words, whether the dam is arched 1 up » stream | or 
down stream, , each radial section must be designed independently of the. others, — 
“unless, of cour se, in the usual type of arched gravity, dam, the radius i is suf- 


ficiently small to allow consideration of arch action. aniston 
Int the case of a ‘straight | dam, correct practice would not allow the use of — 
width « of base : at the highest: part, as s applying to the entire structure, in ‘the 


determination of stability. ‘The theory ‘is no different whether the dam is” 


arched up stream or down stream. 


2B 
author points: out correctly. that, for a paralled- sided site, the ends" 
if the dam is arched down, stream. ‘This i is particularly true as 


hes stream as either with a straight dam or a 
‘up | stream. is believed that it is ‘not a sufficiently ‘desirable feature 


to warrant using more ‘concrete as. compared with | a straight dam or voiding 
the possible feature of ultimate ‘hefow absolute failure as 


In Fig. 2, the author suggests. a ‘steels suspension type of dam. is 
assumed. that this. illustration is diagrammatic and that the suspension bars 


would actually be curved to the radius of the arch to avoid one enormou 
single jack. J It would | be interesting t to know ‘the cost of adequate anch rages 


for the suspension bars; it occurs t to. ‘the writer. that they would be 


T. L. E. H. Have,’ M. i Soo. ©. (by letter) author’s 
of this ‘subject is notable yiees its recognition of the importance of consider 


dam as a} unit, rather than as “merely an assemblage of 


Vice- Pres. and Chf. Engr., New ie nd T e Po 
ration ot New York, Watertown, N. 
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Discussions 


a The results of experiments « on models must be interpreted with great care 


f | 


because, unless the model exactly - reproduces all the conditions obtaining in 
the full-sized structure, ‘unwarranted conclusions may be drawn. ‘hod 


Professor Lambert states that overturning load applied to each of 


his models was a single horizontal force at the theoretical center of Bressure, 


distributed over r the etitire up- p-streani’ face. ty 
If the wings of an actual ‘gravity dam are to transmit overturning loads 


to the central portion, they must an appreciahie down-stream deflec- | 


canyon sides, they are thereby prevented taking such a “deflection. 
phe. - other words, the wing foundations absorb the wing loads before they ¢ can be | 


"transmitted to the central portion of the structure. yd Lad, 


a matter of fact, since the central part, of a ‘dam i is usually the ‘greatest 
“y ’ distance above the foundation, ‘the crest deflection i in the center, due to water 


E ‘the central portion would ‘tend to be transferred to the 1 wings, , rather than ‘the 


_ reverse. load transfer would be by trans- -canyon 1 beam action, which 
is. considerably erage by the presence of contraction joints, with possibly J 
Contraction would ‘prevent the dam curved down stream from 
acting as a unit, and the stabilizing moment computed « on the basis of mono- 


lithic action would not be realized. ‘The greater deflection ‘the > central 


4 portion under load would tend to pull it down streamward away from the 
a. wings, thus preventing monolithic action ; and it would be unsafe to attribute 
to such a structure greater stability than that of a straight dam having the 


Professor ‘Lainbert’s reference to the | “causes: of of the ‘St. 

‘ Dam appear to be well taken. | th this case the water pressures on the wings 
actually were ‘transmitted - to the | central portion, ‘but only because the defec- 

foundations o of the wings permitted this to occur, by allowing the pre- 
requisite down- stream deflections to take place. In such a case, it is easy 


to how mathematically that the toe stresses in | the central portion ‘can 
approach the ultimate | strength, of the material and cause spalling, such | as 


actually oceurred in the St. Francis Dam . The central portion of the dam 
arely escaped being carried away; it was relieved of the extra load which 


8 caused the toe to spall off, by the breaking off of the w wings. — According to 
the writer ’s computations, if ‘the dam had been straight, the central toe 


stresses, while high, would have been insufficient to cause spalling. a: 
The author's clean-cut presentation this subject demonstrates the 
of ax more critical examination of these structures: than ‘they 


Tih 


as regards the effects of foundation condition 
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